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NOVEL HIV PROTEINS AND PEPTIDES USEFUL IN THE DIAGNOSIS, PROPHYLAXIS OR THERAPY OF AIDS 



Background of the Invention 



5 Human immunodeficiency virus (HIV), human T-cell lymphotropic virus III (HTLV-III), lymphadenopathy- 
assodated vims (LAV), or AIDS-associated retrovirus (ARV) has been identified as the cause of acquired 
immune deficiency syndrome (AIDS) (Popovic. M.. Samgadharan. M.G.. Read. E. and Gallo. R.C. [1984] 
Science 224:497-500). The vims cfisplays tropism for the 0KT4 lymphocyte subset (Klatzmann. D.. Barre- 
Sinoussi. P.. Nugeyre. M.T.. Dauguet C Vilmer. E. Griscelli. C Bmn-Vezinet F.. Rouzioux. C. Gluckman, 

10 J.D., Chermann. J.C. and Montagnier. L [1984] Science 225:59^). Antibodies against HIV proteins in the 
sera of most AIDS and AIDS reiated complex (ARC) patients, and in asymptomatic people infected with the 
vims (Samgadharan, M.G.. Popovic. M.. Bmch. L. Schupbach. J. and Gallo. R.C. [1984] Science 224:506- 
508) have made possible the development of immunologically based tests that detect antibodies to these 
antigens. These tests are used to limit the spread of HIV through blood transfusion by identifying blood 

15 samples of people infected with the vims. Diagnostic tests cunrently available commercially use the proteins 
of inactivated virus an antigens. 

In addition to allowing new approaches for diagnosis, recombinant DNA holds great promise for the 
development of vaccines against both bacteria and vimses (Wilson. T. [1984] BioH-echnology 2:29-39). The 
most widely employed organisms to express recombinant vaccines have been E. S. cerevisiae and 

20 cultured mammalian cells. For example, subunit vaccines against foot and mouth disease (Kleid. D.G.. 
Yansura, D.. Small. B.. Dowbenko. D.. Moore, D.M.. Brubman. M.J.. McKercher, P.O.. Morgan. D.O.. 
Robertson. B.H. and Bachrach, H.L [1981] Science 214:1125-1129) and malaria (Young, J.F.. Hockmeyer. 
W.T., Gross. M., Ripley Ballou. W.. Wirtz, RA. Trosper. J.H., Beaudoin. R.L, Holiingdale, M.R.. Miller, LM.. 
Diggs, C.L and Rosenberg. M. [1985] Sdence 228:958-962) have been synthesized in E. coll. Other 

25 examples are hepatitis B surface antigen produced in yeast (McAleer. W.J.. Buynak. E.B., Maigetter, R.Z., 
Wampier. D.E. Miller. W.J- and Hilleman. M.R. [1984] Nature 307: 178-180) and a herpes vaccine produced 
in mammalian cells (Bennan. P.W.. Gregory. T.. Chase, D. and Lasky. LA [1984] Science 227:1490-1492). 

The entire HIV envelope or portions thereof have been used to immunize animals. Both the native 
gp120 (Robey et al. P986] Proa Natl. Acad. Sci, 83:702^-7027: Matthews et al., [1986] Proc. Natl. Acad. Sci 

30 83:9709-9713) and recombinant proteins (Laskey, et al.. P986] Science 233:209-212; Putney et al.. [1986] 
Science 234:1392-1395) elicit antibodies that can neutralize HIV in cell culture. However, all of these 
immunogens elicit antibodies that neutralize only the viral variant from which the subunit was derived. 
Therefore, a novel vaccine capable of protecting against multiple viral variants would contain subunits from 
multiple variants. 

35 Diagnostic kits or therapeutic agents using viral proteins isolated from vims Infected cells or recom- 
binant proteins would contain epitopes specific to the viral variant from which they were isolated. Reagents 
containing proteins from multiple variants would have the utility of being more broadly reactive due to 
containing a greater diversity of epitopes. THis would be advantageous in the screening of semm from 
patients or ttierapeutic treatment of patients. 

40 Syntiietic peptides can be advantageous as ttie active ingredient in a vaccine, ttierapeutic agent or 
diagnostic reagent due to ttie ease of manufacture and ability to modify ttieir stmcture and mode of 
presentation. 

Syntiietic peptides have been used successfully in vaccination against foot and moutti disease vims 
(Bittie. et al. [1982] Nature 298:30-33); poliovims (Emini et al. [1983] Nature 305:699): hepatitis B (Gerin et 
45 al. [1983] Proc. Nati. Acad. Sci. 80:2385-2369); and influenza (Shapira et al. [1984] Proc. Nati. Acad. Sci. 
81:2461-2465). 

There is a real need at ttiis time to develop a vaccine for AIDS. Such a vaccine, advantageously, would 
be effective to immunize a host against the variant AIDS vimses. 

so 

Brief Summary of ttie Invention 



The subject invention concerns novel HIV proteins and peptides which can be used in ttie diagnosis, 
prophylaxis or therapy of AIDS. Furtiier. ttie HIV envelope proteins and peptides of the invention can be 
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used to stimulate a lymphocyte proliferative response in HIV-ir,fected humans. This then would stimulate ttie 
immune system to respond to HIV in such individuals and. therefore, the envelope proteins and peptdes 
can provide protection and be of therapeutic value. The proteins and peptides of the inventton are idenWied 
herein by both their amino add sequences and the DMA encoding them. Thus, they can be P^pa^f by 
known (iemical synthetic procedures, or by recombinant ONA means. Table 1 .s a 
synthetic peptides of the invention. These peptides are referenced to the N-tenninal region of an HIV 

protein denoted PB1 ma- 
More specifically, the novel proteins and peptides are as follows: 

1 HIV 10 Kd fusion protein denoted Sub 1. The amino acid sequence of the HIV portion of Sub 1 is 
shown in Table 2 and the DNA sequence of the HIV portion of Sub 1 in Table 2A. TTie amino acid sequence 
of Sub 1 is shown in Table 2B and the DNA sequence in Table 2C. 

2 HIV 18 Kd fusion protein denoted Sub 2. TTie amino acid sequence of the HIV portion of Sub z is 
shown in Table 3 and the DNA sequence of the HIV portion of Sub 2 in Table 3A. The entire ammo acid 
sequence of Sub 2 is shown in Table 3B and the entire DNA sequence in Table 3C. 

3 HIV 27 Kd fusion protein denoted PB1 rf. The amino acid sequence of the HIV portion of PB1 rf is 
listed in Table 4 and the DNA sequence of the HIV portion of PB1 ^ is listed in Table 4A. The entire ammo 
acid sequence and DNA sequence of PB1 „ axe in Tables 4B and 4C. respectWely. 

4 HIV 28 Kd fusion protein denoted PBImm. The amino acid sequence of the HIV portion of PBImm is 
shown in Table 5 and the DNA sequence of the HIV portion of PBImnJs shown in Table 5A. The entire 
amino add sequence and DNA sequence of PBImn are shown in Tables 5B and 5C. [«fP^^ . 

5 HIV 26 Kd fusion protein denoted PBIsc- The amino acid sequence of the HIV portion of PBigc « 
listed in Table 6 and the DNA sequence of the HIV portion of PBIsc is shown in Table 6A. The entire amino 
add sequence and DNA sequence of PBIsc are shown in Tables 6B and 6C. respectively. 

6 HIV 26 Kd fusion protein denoted PB^r^Mz^ The amino acid sequence of the HIV portion <rt 
PB 1wMj2 is listed in Table 7 and the DNA sequence in Table 7A. The entire amino add sequence and DNA 
sequence of PB1wmj2 are shown in Tables 7B and 7C. respectively. , ... „ ^ ^ ^ 

7. Protein CNBrl. This protein contains the HIV env gene amino adds listed in Table 8 and the entire 

CNBrI sequence in Table 8A. . - « 

8. Peptide No. 131 containing the HIV env gene amino acids listed in Table 9. 

9. Peptide No.<^contalning the HIV env gene amino adds listed in Table 10. 

10. Peptide No. 134 containing the HIV env gene amino adds listed in Table 11. 

11. Peptide No. i^^taining the HiV env gene amino acids listed In Table 12. 

12. Peptide No. 13Bcontaining the HIV env gene amino adds listed in Table 13. 

13. Peptide No. 138 containing the HIV aw gene amino acids listed in Table 14. 



Detailed Disclosure of the Invention 

The proteins and peptides of the subject invention can be made by well-known synthesis Pfocedurw. 
Altematively. these entities can be made by use of recombinant DNA procedures. Sudi recombiitant DNA 
procedures are disclosed herein since they were, in fact the procedures initially utilized to obtain the novel 
oroteins and peptides of the invention. However, once these entities were prepared and their molecule 
sequenced, it is apparent to a person skilled in the art that the prefenred method for making them wooW 
now be by diemical synthesis means. For example, there are available automated machines whidi can 
readily make proteins and peptides of the molecular sizes disdosed herein. 

In the recombinant DNA procedures for making some of the proteins and peptides of the Invention, an 
expression vector plasmid denoted pREV2.2 was used. This plasmid was initially constnicted from a 

"'Ti'^w'JbQI^s deposited in the E. coll host MS371 with the Northern Regional Research Laboratonr 
(NRRU U.S. Department of AgriculturerPiSria. Illinds. USA. E. coH MS371(pBG1). NRRL B.15904. and E. 
coll MS371. NRRL B-15129. are disdosed In US-A-4271671. E. coli SG20251. NRRL B-15918. .s disclosed 

"E!^JMira{pREV2.2). NRRL B-18091. and E coli CAQ629(pK1). NRRL B.18095. are disctosed in 
EP-A-OS5190. This latter deposit can be subjected to standard techniques to separate the plasmid from 
the host cell, so that the host E. coli CAG629 can be used as disdosed herein. ^ 
This invention relates to tiJerty peptides. Eadi one of these peptides, given above, is an individual and 
distinct embodiment of this invention. , , -j. 

The novel HIV proteins and peptides can be expressed In Saccharomyces cerevisiae using plasmids 
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containing the indudbie galactose pronrmter from this organism, called YEp51 and Y^p52: see Broach etal. 
Experimental Manipulation of Gene Expression (1983) p. 83. ed. M. Inouye. Academic Press. These 
plasmids contain the £ coli origin of replication, the gene for ^-lactamase. Ihe yeast\LEU2 gene, the 2 urn 
origin of replication and "Se 2 am dele REPS locus. Recombinant gene expression is driven by the yeast 

5 GALlO gene promoter. 

Yeast promoters aich as galactose and alcohol dehydrogenase (Bennetzen. J.L and Hall. B.D. [1982] J. 
Biol Chem 257:3018; Ammerer. G. In Methods in Enzymology [1983] Vol. 101. p. 192). phosphoglycerate 
kinase (Deryncic a. Hitzeman. RA. Gray, P.W., Goeddel, D.V.. in Experimental Manipulation of Gene 
Expression [1983] p. 247. ed. M. Inouye, Academic Press), triose phosphate isomerase (Alber. T. and 

JO Kawasaki. G. [1982] J. Molec. and Applied Genet. 1:419), or enolase (Innes. MA et al. [1985] Science 
226:21) can be used. \ ^ • 

The genes disdosed herein can be expressed in simian cells. When the genes encoding these proteins 
are doned into one of the plasmids as described in Okayama and Berg (Okayama, H. and Berg. P. [1983] 
Molec. and Cell. Biol, 3:280) and references therein, or COS cells transformed \ with these plasmids. 

IS synthesis of HIV proteins can be detected immunotogically. 

CDther mammalian cell gene expression/protein production systems can be used. Examples of other 
such systems are the vacdnia viais expression system (Moss. B. [1985] Immunology Today 6:243; 
Chakrabarti. S.. Brechling. K., Moss. B. [1985] Molec. and Cell. Biol. 5:3403) and the vectors derived from 
murine retrovimses (Mulligan. aC. in Experimental Manipulation of Gene Expresskwi [1983] p. 155, ed. M. 

20 Inouye. Academic Press) 

The HIV proteins and peptides of the subject invention can be chemically synthesized by solid phase 
peptide synthetic techniques such as BOC and FMOC (Merrifield, R.B. [1963] J. Amer. Chem. Soc. 
85:2149; Chang. C. and Meienhofer, J. [1978] Int J. Peptide Protein Res. 11:246). 

As is well known In the art the amino add sequence of a protein is determined by the nucleotkle 

25 sequence of the DNA. Because of the redundancy of the genetic code. i.e.. more than one coding 
nucleotide triplet (codon) can be used for most of the amino adds used to make proteins, different 
nucleotide sequences can code for a particular amino add. Thus, the genetic code can be depicted as 
follows: 

Phenylalanine (Phe) TTK 
30 Leucine (Leu) XTY 

Isoleucine Qle) ATM 

Methionine (Met)ATG 

Valine (Val) GTL 

Serine (Ser) QRS 
55 Proline (Pro) CCL 

Threonine (Thr) ACL 

Alanine (Ala) GCL 

Tyrosine (Tyr) TAK 

Termination Signal TAJ 
40 Tenmination Signal TGA 

Histidine (His) CAK 

Glutamine (Gin) CAJ 

Asparagine (Asn) AAK 

Lysine (Lys) AAJ 
45 Aspartic acid (Asp) GAK 

Glutamic acid (Giu) CAJ 

Cysteine (Cys) TGK 

Tryptophan (Trp) TGG 

Arginine (Arg) WGZ 

50 Glydne (CBly) GGL ' , 

Key: Each 3-letter deoxynudeotide triplet conresponds to a trinucleotide of mRNA. having a 5 -end on the 
left and a 3'-end on the right All DNA sequences given herein are those of the strand whose sequence 
corresponds to the mRNA sequence, with thymine substituted for uradl. The letters stand for the purine or 
pyrimidine bases forming the deoxynudeotide sequence. 

55 A = adenine 
G = guanine 
C = cytosine 
T - thymine 
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X = T or C if Y is A or G 
X = CifYisCorT 

Y = A. G, C or T if X is C 

Y = A or G if X is T 

5 W = CorAifZisAorG 
W = CifZisCorT 
Z = A, G, C or T if W is C 
Z = A or G if W is A 

QR = TC if S is A, G. C or T: alternatively QR = AG if S is T or 0 

ro J = Aor G 
K = T or G 
L = A. T. C or Q 

^ °Tte ^e shows that the novel amino add sequences of the HIV proteins and peptides of the subject 
,5 invention can be prepared by nucleotide sequences other than those disclosed herein. Fu^KftonaHy 
equivalent nucleotide sequences encoding the hovel amino acid sequences of these HIV proteins and 
peptides, or fragments thereof having HIV antigenic or immunogenic or therapeutic actvity. ran be 
prepared by known synthetic procedures. Accordingly, the subject invention includes such functionally 
equivalent nucleotide sequences. . 
20 Thus the scope of the subject Invention includes not only the specific nucleotide sequences depicted 
herein, but also all equivalent nucleotide sequences coding lor molecules with substantially the same Hiv 

antigenic or immunogenic or therapeutic activity. 

Further the scope of the subject invention is intended to cover not only the speafic amino add 
sequences 'disclosed, but also similar sequences coding for proteins or protein fragments having com- 
es parable abiHty to induce the fbnnation of and/or bind to specific HIV antibodies. 

The term "equivalent" is being used in its ordinary patent usage here as denoting a nudeotide 
sequence which perfomw substantially as the nudeotide sequence identified herein to produce molecules 
with substantially the same HIV antigenic or immunogenic or therapeutic activity in essentially the same 
kind of hosts. WWiln this definition are subfragments whidi have HIV antigenic or immunogenic or 

30 jt jg ^„ the skill of those in the genetic engineering art to use the nucleotide 

sequences encoding HIV antigenic or immunogenic or therapeutic activity of the subject inventton to 
produce HIV proteins via microbial processes. Fusing the sequences into an expresston vector and 
transforming or transfecting into hoste. either eukaryotic (yeast or mammalian ceils) or prokaryobc (b^al 

3S cells), are standard' procedures used in produdng other well-known proteins. e.g.. insulin, Interterons. 
human growth hormone. lL-1. IL-2. and the like. Similar procedures, or obvious modifications ttiereof. can be 
employed to prepaiB HIV proteins or peptides by mterobial means or tissue-culture technology in accord 

with the subject Invention. . « j n 

The nucleotide sequences disdosed herein can be prepared by a "gene machine by procedures well 

40 known in the art This Is possible because of the disctosure of the nucleotide sequence. 

The restriction enzymes disclosed can be purdiased from Bethesda Research Laboratories, Garthers- 
burg. MD. or New England Biolabs. Beveriy. MA. "me enzymes are used according to the Instructions 

provided by the supplier. . ^ . 

The various methods employed in the preparation of the plasmids and transfomiabon of host organisms 
are well known in the art These procedures are all described in Maniatis. T.. Fritsch. E.F.. and Sarntjrook. J. 
(1982) Mdecular Ctoning: A Laboratory Manual. CoW Spring Hariror Laboratory. New Yortc. Thus, it is wittiin 
the skill of those in the glnetic engin^iri;i~art to extract DNA from microbial cells, perfonn restncUon 
enzyme digestions, etectrophorese DNA fragments, tail and anneal plasmid and insert DNA. Iigate DNA, 
transform cells. e.g., E. coil cells, prepare plasmid DNA. etectrophorese proteins, and sequence DNA. 

lmmunochemical~a^s emptoying the HIV proteins or peptides of the invention can take a variety of 
forms The preferred type is a sofld phase immunometric assay. In assays of this type, an HIV protein or 
peptide is immobilized on a solid phase to fonm an antigen-immunoadsorbent The immunoadsorbent is 
incubated with the sample to be tested. After an appropriate incubation period, the immunoadsorbent is 
separated from the sample and labeled anti-(human IgG) antibody is used to detect human anb-HW 
55 antibody bound to the immunoadsorbent The amount of label assodated with the immunoadsorbent can be 
compared to positive and negative controls to assess the presence or absence of anti-HIV antibody. 

The immunoadsorbent can be prepared by adsorbing or coupling a purified HIV protein or pephde to a 
soHd phase Various solid phases can be used, such as beads formed of glass, polystyrene, polypropylene. 
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dextran or other material. Other suitable solid phases include tubes or plates formed from or coated with 
these materials. 

The HIV proteins or peptides can be either covalently or non-covalently bound to the so\id phase by 
techniques such as covalent bonding via an amide or ester linkage or adsorption. After the HIV protein or 
5 peptide is affixed to the solid phase, the solid phase can be post-coated with an animal protein^ e.g.. 3% 
fish gelatin. This provides a blocking protein which reduces nonspecific adsorption of protein to the 
immunoad^rl)ent surface. 

The immunoadsorbent is then incubated with the sample to be tested for anti-HIV antibody. In Wood 
screening, bkxjd plasma or serum is used. The plasma or semm is diluted with normal animal plasma or 
10 serum- The diluent pl^ma or serum is derived from the same animal species that is the source of the anti- 
(human IgG) antibody. The preferred antKhuman IgG) antibody is goat anti-(human IgG) antibody. Thus, in 
the preferred fonnat, the diluent would be goat semm or plasma. 

The conditions of incubation. e.g.. pH and temperature, and the duration of incubation are not cruciaJ 
These parameters can be optimized by routine experimentation. Generally, the incut>ation will be mn for 1-2 
15 hr at about 45* C in a buffer of pH 7-8. 

After incubation, the immunoadsorbent and the sample are separated. Separation can be accomplished 
by any conventional separation technique such as sedimentation or centrifugation. The immunoadsorbent 
ttien may be washed free of sample to eliminate any interfering substances. 

The immunoadsorijent is incubated with the labeled anti-(human IgG) antibody (tracer) to detect human 
20 antibody bound ttweto. Generally the immunoadsorbent is incubated with a solution of the labeled anti- 
(human IgG) antibody which contains a small amount (about 1%) of the serum or plasma of the animal 
species which serves as the source of the anti-(human IgG) antibody. Anti-(human IgG) antibody can be 
obtained from any animal source. However, goat anti-(human IgG) antibody is preferred. The artKhuman 
IgG) antibody can be an antibody against the Fc fragment of human IgG. for example, goal anti-(human 
25 IgG). Fc antibody. 

The anti-(human IgG) antibody or anti-(human IgG) Fc can be labeled with a ractioactive material such 
as iodine; labeled with an optical label, such as a fluorescent material; or labeled with an enzyme such as 
horseradish peroxidase. The anti-human antibody can also be biotinylated and labeled avidin used to detect 
its binding to tiie immunoadsort}ent 

30 After incubation with the labeled antibody. tt>e immunoadsorbent Is separated from tiie solution and ttie 
label associated witii the immunoadsorbent is evaluated. Depending upon tiie choice of label, the evaluation 
can be 6oT\e in a variety of ways. The label may be detected by a gamma counter if me label is a 
radioactive gamma emitter, or by a fluorimeter, if \he label is a fluorescent material. In the case of an 
enzyme, label detection may be done colorimetrically employing a sutDstrate for the enzyme. 

35 The amount of label associated witti tfie immunoadsorbent is compared with positive and negative 
controls in order to determine the presence of anti-HIV antibody. The controls are generally run concomi- 
tantiy with tire sample to be tested. A positive control is a serum containing antibody against HIV: a 
negative control is a serum from healthy individuals which does not contain antibody against HIV. 

For convenience and standardization, reagents for tiie performance off the immunometric assay can be 

40 assembled in assay kits. A kit for screening blood, for example, can include: 

(a) an immunoadsorbent. e.g., a polystyrene bead coated with an HIV protein or peptide; 

(b) a diluent for tiie serum or plasma sample, e.g.. nonmal goat serum or plasma; 

(c) an anti-(human IgG) antibody, e.g.. goat anti-(human IgG) antibody in buffered, aqueous solution 
containing about 1% goat semm or plasma; 

45 (d) a positive control, e.g.. semm containing antibody against at least one of the novel HIV proteins or 

peptides; and 

(e) a negative control. e.g., pooled sera from healthy individuals which does not contain antibody 
against at least one of tiie novel HIV proteins or peptides. 

If the label is an enzyme, an additional element of ttie kit can be the substrate for the enzyme. 

50 Another type of assay for anti-HIV antibody is an antigen sandwich assay. In this assay, a labeled HIV 
protein or peptide is used in place of anti-(human IgG) antibody to detect anti-HIV antibody bound to the 
immunoadsorbent The assay is based in principle on the bivalency of antibody molecules. One binding site 
of the antibody binds \he antigen affixed to ttie solid phase; ttie second is available for binding ttie labeled 
antigen. The assay procedure is essentially the same as described for the immunometric assay except that 

55 after incubation witii the sample, the immunodadsorbent in incubated with a solution of labeled HIV protein 
or peptide. HIV proteins or peptides can be latjeled with radioisotope, an enzyme, etc. for this type of 
assay. 

In a third format tiie bacterial protein, protein A. which binds the Fc segment of an IgG molecule 
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without interfering with the antiger>-antil5ody interaction can be used as the labeled tracer to detect anti-HIV- 
antibody adsorbed to the immunoadsorbertt Protein A can be readily labeled with a radioisotope, enzyme 

or other detectable spedes. 

Immunochemical assays employing an HIV protein or peptide have several advantages over those 

5 employing a whole (or disrupted) virus. Assays ba^ upon an HIV protein or peptide will alleviate the 
concern over growing large quantities of infectious vims and the inherent variability associated with cell 
culturing and virus production. Further, the assay will help mitigate the real or perceived fear of contracting 
AIDS by technicians in hospitals, dintcs and blood banks who perform the test. 

Immunochemical assays employing recombinant envelope proteins from multiple viral variants have 

TO additional advantages over proteins from a single HIV variant Assays incorporating protein sequences from 
multiple variants are more likely to accurately survey antibodies in the human population Infected with 
diverse HIV variants. Also, solid phase enzyme-linked immunosorbent assay (EUSA) utilizing different HIV 
variant proteins would allow determination of prevalent serotypes in different geographic locations. This 
detennination has not been possible until now as no available antibody detection kit utilizes more than one 

IS HIV variant ^ . * ^ 

Another use of recombinant proteins from HIV variants is to elidt variant-specific antisera in test 
animals. This antiserum wouW provide a reagent to identify which viral variant infected an individual. 
Cunently. "Virus typing" can only be done by viral gene cloning and sequencing. Binding of variant-specific 
semm to a patient viral i^late woukJ provWe a means of rapid detection not cunrently available. For 
20 example, sera raised to the proteins denoted PBIbb. PBIrf. PBW PB1sc. and PBIwmjz can be used to 
screen viral isolates from patients to detemnine which HIV variant the clinical isolate most cJosely 
resembles. This "screening" can be done by a variety of known antibody-antigen binding techniques. 

Vaccines comprising one or more of ttie HIV proteins or peptides, disclosed herein, and variants thereof 
having antigenk: properties, can be prepared by procedures well known in tiie art For example, such 
25 vaccines can be prepared as injectables. e.g., liquid solutions or suspensions. Solid forms for solution in. or 
suspension in, a liqukJ prior to Injection also can be prepared.^ Optiorially, the preparation also can be 
emulsified. The active antigenic ingredient or ingredients can be mixed\witti excipients which are phar- 
maceutically acceptable and compatible wrth \he active ingredient Examples of suitable excipients are 
water, saline, dextrose, glycerol, ettianol. or tiie like, and combinations ttiereof. In addition. If desired, tiie 
30 vaccine can contain minor amounts of auxiliary substances such as wetting or emulsifying agents, pH 
buffering agents, or adjuvants such as aluminum hydroxide or muramyl dipeptide or variations thereoi In 
the case of peptides, coupling to larger molecules such as KLH sometimes enhances immunogenicity. The 
vaccines are conventionally administered parenterally. by injection, for example, either subcutaneously or 
intramusculariy. Additional formulations whteh are suitable for otiier^ modes of administration include 
35 suppositories and. in some cases, oral formulations. For suppositories^ tr^itional binders and canriers 
include, for example, polyalkalene glycols or triglycerides. Suppositories^can be fonned from mixtures 
containing the active Ingredient in tiie range of about 0.5% to about 10%. preferably about 1 to about 2%. 
Oral fonnulations can include such nomnally employed excipients as, for example, pharmaceutical grades of 
mannltol. lactose, starch, magnesium stearate. sodium saccharide, cellulose, magnesium carbonate and tiie 
like. These compositions can lake ttie fbnii of solutions, suspensions, tablets, pills, capsules, sustained 
release formulations or powders and contain from about 10% to about 95% of active ingredient preferably 
from about 25% to about 70%. 

The proteins can be formulated into tiie vaccine as neutral or salt fonms. Phanmaceutically acceptable 
salts include the acid addition salts (fonned witii tiie free amino groups of tiie .peptide) and which are 
fonned with inorganic acids such as. for example, hydrochloric or phosphoric acids, or such organic adds 
as acetic, oxalic, tartaric, mandellc. and ttie like. Salts fornied witti tiie free carboxyl groups also can be 
derived from inorganic bases such as, for example, sodium, potassium, ammonium, calcium, or ferric 
hydroxides, and such organic bases as Isopropylamlne, trimettiylamine, 2-ettiylamino ettianol. histidine, 
procaine, and tiie like. 

The vaccines are administered in a manner compatible witti tiie dosage formulation, and m such 
amount as will be ttierapeutically effective and immunogenic. The quantity to be administered depends on 
tiie subject to be treated, capacity of tiie subject's Immune system to synttiesize antibodies, and ttie degree 
of protection desired. Precise amounts of active ingredient required to be administered depend on tiie 
judgment of ttie practitioner and are peculiar to each individual. However, suitable dosage ranges are of ttie 
55 order of about several hundred micrograms active ingredient per individual. Suitable regimes for initial 
administration and booster shots are also variable, but are typified by an initial administo^on followed In 
one or two week intewals by a subsequent injection or other administration. 

HIV is known to undergo amino acid sequence variation, particularly In ttie envelope gene (Starcich. 
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B.R. [1986] Cell 45:637-648: Hahn, B.H. et al. [1986] Science 232:1548-1553). Over 100 variants have been 
analyzed by molecular cloning and restriction enzyme recognition analysis, and several of these have been 
analyzed by nucleotide sequencing. Some of these are the HIV isolates known as RF (Popovic, M. et al. 
[1984] Science 224:487-500). WMJ-1 (Hahn. B.H. et al [1986] Science 232:1548-1553), LAV (Wain-Hobson, 

5 S. et al. [1985] Cell 40:9-17). and ARV-2 (Sanchez-Pescador. R. et al. [1985] Science 227:404-492). The 
HIV proteins or peptides from different viral isolates can be used in vaccine preparations, as disclosed 
above, to protect against infections by different HIV isolates. Further, a vaccine preparation can be made 
using more than one recombinant antigenic protein from more than one HIV Isolate to provide immunity and 
thus give better protection against AIDS. 

10 The ability to modify peptides made by organic synthesis can be advantageous for diagnostic, 
therapeutic and prophylactic use by improving efficiency of immobilization, increasing protein stability, 
Increasing immunogenidty, altering in immunogenidty. redudng toxicity, or allowing multiple variations 
simultaneously. For example, peptides can be modified to increase or decrease net charge by modification 
of amino or cart)oxyl groups (cart)amylation. trifluoroacetylation or sucdnylation of amino groups; ac- 

15 etylation of carboxyl groups). Peptides can be made more stable by. for example, inclusion of D-amino 
adds or drcularization of the peptide. Reductive state of peptides can be altered by. for example, 
sulfonation of cystinyl groups. The subject Invention includes all such chemical modifications of ttte proteins 
and peptides disdosed herein so long as the modified protein and/or peptide retains substantially ail the 
antigenic/immunogenic properties of the parent compound. 

20 Peptides can also be modified to contain antigenic projwties of more than one viral variant This has 
been done, for example, with Foot and Moutii Disease virus. 

Foot and Mouth Disease virus is similar to HIV in that multiple variants exist and immunization with one 
variant does not lead to protection against other variants. The real utility of peptides as immunogens is 
demonstrated by eliciting immunity to more than one variant by modification of the peptide to possess 

s properties of both natural variants. When such a modified peptide was used to immunize test animals, they 
were protected against botti Foot and Mouth virus strains A10 and A12 (Brown, F. in Vims Vaccines, ed. Q, 
Dreesman, J. Bronson. R. Kennedy, pp. 49-54 [1985]). ^ 

Example 18 shows that a peptide containing amino add sequences from two HIV variants can block 
virus neutralization activity of two virus spedfic neutralizing antisera. This suggests that a peptide or protein 

00 containing sequences of two or more HIV variants can elidt an immune response effective against two or 
more HIV variants. 

Example 19 shows tiiat conrnmunization with envelope proteins from two HIV isolates elicits an immune 
response capable of neutralizing two HIV isolates. This suggests that co-immunization with proteins from 
two or more HIV variants can elidt an immune response effective against two or more HIV variants. 
35 Following are examples which illustrate the process of tiie invention, irtcluding the best -mode. These 
examples should not be construed as limiting. All solvent mixture proportions are by volume unless 
otherwise noted. 

40 Example 1 -Construction of plasmid pREV2.2 

The pRFV2,g plasmid expression vector was constructed from plasmid pBQI. Plasmid pBGl can be 
isolated from its E. coll host by well known procedures. e.g., using cleared lysate-isopycnic density gradient 
procedures, andttie like, like pBGl, pREV2.2 expresses inserted genes behind ttie E. coH promoter. The 
45 differences between pBQI and pREV2.2 are the following: 

1. PREV2.2 lacks a functional replication of plasmid (rop) protein. 

2. pREV2JJ has tiie trpA transcription tenminator inserted into ttie A^ll site. This sequence insures 
transcription termination of over-expressed genes. 

3. PREV2.2 has genes to provkle resistance to ampicillin and chioramphenicot.whereas pBGl 
50 provides resistance only to ampidllin. 

4. pREV2.2 contains a sequence encoding sites for several restriction endonucleases. 
TTie foltowing procedures were used to make each of four changes listed above: 

la. 5 ug of plasmid pBGI was restricted with Ndel. which gives two fragments of approximately 2160 
and 3440 base pairs. 

55 lb. 0.1 ug of DNA from ttie digestion mixture, after inactivation of the Ndel. was treated with T4 DNA 

ligase under conditions that favor intramolecular ligation (200 u1 reaction volume using standard T4 ligase 
reaction conditions [New England Biolabs, Beverly. MAD- Intramolecular ligation of tiie 3440 t>ase pair 
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fragment gave an ampidllin resistant plasmid. The ligation mixture was transformed into the recipient strain 
E cofi JM103 (available from New England Biolat)s) and ampicillin resistant clones were selected by 

standiurd procedures. . ^ ,^ ^ ar^^ 

1c. The product plasmid, pBGIAN. where the 2160 base pair ridel fragment is deleted from pBQi. 
5 was selected by preparing plasmid from ampicillin resistant clones and detenmining the restriction digestion 
patterns with Ndel and Sal! (product fragments approdmately 1790 and 1650). This deletion inactivates the 
rop gene that controls plasmid replication. 

— 2a. 5 ug of pBGIAN was then digested with EcoRI and Bdl and the larger fragment approximately 

2455 base pairs, was isolated. 
10 2b. A synthetic double stranded fragment was prepared by the procedure of Itakura et al. (Itakura, k., 

Rossi, J.J. and Wallace. R.B. [1984] Ann. Rev. Biochem. 53:323-356. and references therein) with the 
following structure: 

5 GATCAAGCTTCTGCAGTCGACQCATQCGGATCCGQTACCCGGQAGCTCG 3 
T5 3 TTCGAAGACGTCAQCTGCGTACGCCTAGGCCATGGGCCCTCGAGCTTAA 5 

This fragment has Bdl and Eco RI sticky ends and contains recognition sequences for several restriction 

endonucleases. ^ ^ ^ ^ 

2c. 0.1 ug of the 2455 base pair EcoRI-Bdl fragment and 0.01 iig of the synthetic fragment were 
20 jdned with T4 DMA ligase and competent cells of strain JM103 were transformed. Cells harboring the 
recombinant plasmid, where the synthetto fragment was inserted into pBGIAN between the Bdl and EcoRI 
sites, were selected by digestion of the plasmid with Hpal and E^RI. The diagnostic fragment sizes are 
approximately 2355 and 200 base pairs. This plasmid is called pREVI. 

2d. 5 ug of pREV1 were digested with Aatf I. which cleaves uniquely. 
25 2e. The foltowing double-stranded fragment was synthesized: 

5' CGGTACCAGCCCGCCTAATGAGCGGGCI I 1 1 1 1 I IQACGT s' 
3' TGCAGCCATGGTCQQGCGGATTACTCGCCCGAAAAAAAAC 5 

30 This fragment has Aatll sticky ends and contains the trpA transcription termination sequence, 

2f. 0.1 HQ oflatll digested pREVI was ligated witii 0.01 ug of the synthetic fragment in a volume of 
20 ul using T4 DNAlgase. 

2g. Cells of strain JM103. made competent, were transformed and ampiallm resistant clones 

solec^&d 

2h. Using a Kpnl, EcoRI double restriction digest of plasmid isolated from selected colonies, a cell 
containing the corrwrco"ns&uction was isolated. The sizes of the Kpnl. ^Rl generated fragments are 
approximately 2475 and 80 base pairs. This plasmid is called pREVITT and contains the trpA transcnption 
terminator. 

3a, 5 itg of pREVITT. prepared as disdosed above (by standard metfiods) was cleaved with Ndel 
40 and XmnI and the approximately 850 base pair fragment was isolated. 

"lb. 5 ug of plasmid pBR325 (BRL. Qaithersburg, MD). which contains the genes confemng 
resistance to chloramphenicol as well as to ampidllin and tetracycline, was cleaved with Bell and the ends 
blunted with Klenow polymerase and deoxynudeotides. After inactivating ttie enzyme, the mixture was 
treated witti Ndel and the approximately 3185 base pair fragment was isolated. This fragment contains ttie 
46 genes for chloramphenteol and ampidllin resistance and ttie origin of replication. 

3c. 0.1 u9 of the Ndel-XmnI fragment from pREVITT and the Ndel-BcH fragment from pBR325 were 
ligated in 20 ul with T4"DNA"Hgase and ttw mixture used to transform competent cells of strain JM103. 
Cells resistant to both ampidllin and chtoramphenicol were selected. 

3d. Using an EcoRI and Ndel double digest of plasmid from selected clones, a plasmid was selected 
50 giving fragment siz^ approjSrotely 2480. 1145, and 410 base pairs. This is called plasmid pREV1TT/chl 
and has genes for resistance to Ijoth ampidllin and chloramphenicol. 
4a. The foltowing double-stranded fragment was synthesized; 

Mlul EcoRV Clal BamHI Sail Hindlll Smal 



35 



55 



5 • CGAACGCGTGGCCGATATCATCGATGGATCCGTCGACAAGCPTCCCGGGAGCT 3 | 
3 ' GCTTGCGCACCGGCTATAGTAGCTACCTAGGCAGCTGTTCGAAGGGCCe 5 
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This fragment with a blunt end and an Ss« sticky end. contains recognition sequences for severe! 
restriction enzyme sites. 

4b 5 ug of pREVITT/chI was cleaved with Nml (which cleaves about 20 nucleotides from the Bcii 
site) and SsU (which cleaves within the multiple cloning site). The larger fragment, approximately 3990 base 

5 pairs, was isolated from an agarose gel. ^ ^ ^ ^ 

4c 0.1 ug of the Nrul-^ fragment from pREVITT/chI and O.Ol ug of the synthetic fragment were 

treated with T4 DNA ligase in a volume of 20 ul. 

4d. This mixture was transformed into strain JM103 and ampidllin redstart clones were selected. 
4e Plasmid was purified from several dones and screened by digestion with Mlul or ClaL 
10 Recombinant clones with the new multiple cloning site will give one fragment when digested with either of 
these enzymes, because each deaves the plasmid once. . - ^ , -m 

4f. The sequence of the multiple doning ate was vwfied. This was done by restricting the plasmid 
with Hpal and Pvull and isolating the 1395 base pair fragment, doning it into the Smal site of mp18 and 
sequendng it by dideoxynucleotide sequendng using standard methods. 
15 4g. This plasmid is called pREV2^ 



Example 2-Construction of the bacterial expression vector REV2,1 

20 Plasmid pREVZI was constructed using plasmid pREV2^ and a synthetic oligonudeotide. The 
resulting plasmid was used to consfrucl pPBI-Sub 1 and pPBI-Sub 2. 
An example of how to construct pREVZI is as foltows: 
1. Plasmid pREV2.2 is deaved with restriction enzymes Nrul and BamHI and the 4 Kb fragment is 

isolated from an agarose gel. 
25 2. The following double-strand oligonudeotide is synttiesized: 



3 



30 



35 



40 



50 



CGAACGCQTQGTCCGATATCATCQATG 3 
QCTTGCGCACCAGGCrrATAGTAGCTACCTAG 5 



55 



3. The fragments from 1 and 2 are figated in 20 ul using T4 DNA ligase. fransformed into competent 
E. coli cells and chloramphenicol resistant colonies are isolated. 

4. Plasmid clones are identified that contain the oligonudeotide from 2. spanning ttw region from the 

Nrul site to the BamHI ate and recreating these two resfriction sites. This plasmid is termed pREV2.1 . 

Example 3-Consfruction of and expression from plasmid pPBI^ub 1 

Plasmid pPBI-Sub 1, which contains approximately 165 base pairs (bp) of DNA encoding essentially 
the HIV env gene from the Pvull site to the Dral site, and from which is syntiiesized an approximately 12 Kd 
fusion protein containing this portion of tiie gpl20 envelope protein can be consfructed as fdlows: 

1. Resfricting plasmid pPBIwe with Mlul and Oral and isolating the approximately 185 bp fragment 

2. Resfricting plasmid pREV2.1 with Mlul and Smal and isolating the large fragment, approximately 4 

Kd. from an agarose gel. . ^ , 

3 Ligating the fragment prepared in 2. witii tiie pREV2.1 fragment in a volume of 20 ul using T4 
DNA ligase. fransforming the ligation mixture into competent cell sfrain CAG629. and selecting ampialhn- 
rpsistant transformante. 

4. Selecting such fransformante, by appropriate resfriction pattems. ttiat have the gp120 fragment 
cloned in tiie proper orientation to generate a fusion protein. When the sfrain harboring this recombinant 
plasmid is grown in 2% medium containing 50 ug/ml ampidllin and the total complement of cellular 
proteins are elecfrophoresed on a SDS-polyacrylamide gel. a protein of approximately 12 Kd can be 
visualized by either coomassie blue staining or by Western blot analysis using as probe selected sera from 
HIV infected individuals. 

Example 4-Purification of recombinant protein containing HIV envelope sequences from plasmid pPBVSub 
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1 . Growth of cells: 



Ceils were grown in a 10-liter volume In a Chemap (Chemapec. Woodbury. NY) fermertor in 2% 
rrJl i^'eL extract bactotryptone. casamino acids [Difco. Detroit Mil ^'^^ 
oS. DOtassium dibasic, and 02% sodium dibasic). Fermentation temperature was 30 C. ttie pH was 6.8 
^alf^^^J^vidSat 1 wm. Plasmid selection was provided 20 ug/ml chloramphenicol. Typ«:al cell y»ld 
(wet weight) was 30 g/l- 



TO 2. Cell Lyas: 

50 a wet cell weight of E. coll containing the recombinant HIV envelope »"sion protein were 
res^JdJT in a finrvoluSe"^ 100 ml in 50 mM Tris-CI pH 8.0. 5 P°^"^ 
Sidiamlnetetraacetic add (KEDTA). 5 mM drthiothretol pTT). 

TRrrON® X-100 (Pharniada. Piscataway. NJ). and 5 mM phenylmethylsuHonyl fluonde (PMSF). The 
suspension incubated for 30 min at room temperature. b,^^,^ nio mntainina an 

^is material was lysed using a BEAD-BEATERTM (Kospec Products. Bartlesville. OK) "'"tan.i^an 
eauTlolurmof 0.1^.15 mm glass beads. Tlie lysis was done for 8 min at roomtemperature .n 1-mm 
Hi te IMd was separi from the beads and centrifuged .«x 2.5 hr at xg^T^ supen«tam 
was removed ^ the pellet was resuspended In 100 ml 8 M urea. 20 mM Tris-Cl pHI8.0. 5 mM DTTJS 
^ Z^SptoethamTs mM PMSF. and 1 mM KEDTA. The pellet was solubifized using a polytron 
homogenizer and centrifuged at 20.000 xg for 2 hr. 



J5 
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25 3. CM Chromatography: 
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The dialysate was loaded onto a 100 ml column (2.5 cm x 20 cm) packed with CM FAST FLOW 
SEPHW^GSEelpharmacia) equilibrated in 8 M urea. 10 mM 4-(2-hydroxyethyl-1-piperaz.ne elhariesulfbnic 
Sd^ES) pHSriS mM^-mercaptoethanol. and 1 mM KEDTA at room 
Si»d^* 2S0 ml equilibrafion buffer, and the protein eluted with a 1.0 9f 
S^e HIV protein(12 Kd) eluted at approximately 0.2 M NaO as assayed by SDS-polyacrylamide gel 

"^uC%cation was obtained by pooHng Sub 1-containlng fractions and applying to a S-200 
(Pharniada) gel filtration column equilibrated in the same buffer as the previous column. 



Example S-Constnictton of and expression from plasmid pPBI-Sub 2 

Plasmid pPBI-Sub 2. wttdi contains approximately 320 bp of DNA encoding ^ ""Y^J^^ 

40 gene from the Pvull site to the Seal site, and from whid, is synthesized an approximately 18 Kd fusion 
DTotein containimthis portion of mrgp120 envelope protein, can be constnacted as follows: 

1 StriSng the pPB1,„B plasmid with «„„1 and Seal and isolating the approximately 320 bp 

'^^Restricting plasmid pREV^I with Mlul and Smal and isolating the large fragment approximately 4 

*T uX°^°fragment prepared in 2. with the pREV2.1 fragment in a volume of 20 ul using T4 
DNA ligaiiCsZin?the ng'aSnoLire Into competent cell strain S620251 and selecting amplallu.- 

'^''^'Sn'g'^h transfomiants. by appropriate restriction patterns, that have 9Pl20 ^ent 
so cloned in the prcier orientation to generate a fusion protein. When the strain harbonng this recombinant 
is^rZt; 2% medium Lrteining 50 ug/ml ampidDin and the total complement of celluiar 
SSns ilphoresed on an SDS^Iyacrylamide gel. a protein of approximatehr 
by either coomassie blue staining or by Western blot analysis using as probe selected sera from HIV 
infected individuals. 
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P..mpiA R-Ptirification of recombinant protein containing HIV enyglope sequences from plasmid pPBVSub 
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1. Growth of cells: 

Cells were grown in a 10-liter volume In a Chemap fermentor in 2% medium. Fermentation tempera- 
ture was 37' C. the pH was 6,8. and air was provided at 1 wm. Plasmid selection was provided by 20 
5 ag/ml chloramphenicol. Typical cell yield (wet weight) was 30 g/I. 



2. Cell lysis: 

70 50 g, wet cell weight of E coH conteining the recombinant HIV envelope fusion protein were 
resuspended in a final volume of 100 ml in 50 mM Tris-CI pH 8.0. 5 m KEDTA. 5 mM DTT, 15 mM 3- 
mercaptoethanol. 0.5% TRITONTM X-100. and 5 mM PMSF. The suspension incubated for 30 min at room 
temperature. 

This material was lysed using a BEAD-BEATERTM containing an equaJ volume of 0.1-0.15 mm glass 
15 beads. The lysis was done for 6 min at room temperature in 1 min intervals. The liquid was separated from 
the beads and centrifuged for 2.5 hr at 20.000 xg. The supematant was removed and the pellet was 
resuspended in 100 ml 6 M guanidine-hydrochloride. 20 mM Tris-a pH 8.0. 5 mM DTT. 15 mM ^- 
mercaptoethanol, 5 mM PMSF, and 1 mM KEDTA. The pellet was solubilized using a polytron homogenizer 
and centrifuged at 20.000 xg for 2 hr. 
20 The supemale (90 ml) was dialyzed against 4 liters of 8 M urea, 20 mM sodium formate, pH 4.0. 1 mM 
EDTA. and 15 mM iS-mercaptoethanol. Dialysis was done each time for 8 hr or longer with three changes of 
buffer. Spectraphor dialysis tubing (S/P. McQraw Park, IL) with a 3.5 Kd MW cut-off was used. 



25 3. CM Chromatography- 

The dialysate was loaded onto a 100 ml column (2.5 cm x 20 cm) packed with CM FAST FLOW 
SEPHAROSE® (Pharmada) equilibrated in 8 M urea. 20 mM sodium formate pH 4.0. 15 mM ^- 
mercaptoethanol. and 1 mM Na EDTA at room temperature. The column was washed with 200 ml 
30 equilibration buffer, and the protein eluted with a 1 .0 liter linear gradient from 0-0.4 M l^a. The HIV protein 
(18 Kd) eiuted at approximately 0.2 M NaCI as assayed by SDS-polyacrylamide gel electrophoresis. 

Further purification was obtained by pooling Sub 2-containing fractions and applying to a S-200 
(Pharmacia) gel flltratton column equilibrated in the same buffer as the previous column. 



Example 7-Cleavage of Sub 2 to yield CnBn 

CNBn protein containing 38 amino acids of HIV sequences was obtained by chemical cleavage of 
purified Sub 2 proton. CNBr cleavage of proteins is a well-known procedure in the art This specific 

40 cleavage was canied out as follows: Sub 2 protein, which contains one internal methionine, at a 
concentration of 5 mgmil. was mixed with 702 fornik: acid and CNBR added at a ratio of 150 moles CNBr 
per mole of methionine. The reaction was allowed to go ovemight at room temperature in the absence of 
air. The sample was lyophilized and purified by high pressure liquid chromatography (HPLC). A CIS column 
was used with an eluant of acetonitrile. containing 0.1 % trifluo«)acetic acid Protein CNBrI , coo'espondlng to 

45 the N-terminus of Sub 2. was isolated by standard procedures. 



Example 8-Synthetic peptides 

A number of synthetic peptides listed in Tables 9 through 14 were isolated. Peptide 138 is a hybrid of 
HlVma and HIVrf envelope sequences. Synthesis of peptides can be done by a variety of established 
procedures, for example, automated peptide synthesis. The product of synthesis can be further purified by 
a number of established separatory techniques, for example, reverse phase chromatography. 
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Example 9-Construction of and expression from piasmid pPBIrf 

Plasmid pPBIrf. which contains approximately 565 bp of DNA encoding essentially the HIVrf env gene 
from the Pvull site to the Bglll site, and from which is synthesized an approximately 27 Kd fusion protein 
containing"5Jis portion of the gp120 envelope protein can be constructed as follows: 

1. Synthesizing DNA fragment in Table 4A. 

2. Restricting plasmid pREV2^ with EcoRV and BamHI and isolating the large fragment, approxi- 
mately 4 Kd, from an agarose gel. ^ ^ , ta 

3. Ugating the fragment prepared In 1. with the pREV2.2 fragment in a volume of 20 nl using T4 
DNA ligase, transforming the ligation mixture into competent cell strain GAG 629. and selecting ampicillin- 
resistant transfomiants. 

4 Selecting such transformants. by appropriate restriction patterns, that have the gp120 fragment 
cloned in the proper orientation to generate a fusion protein. When the strain harboring this recombinant 
plasmid is grown at 32' C in 2% medium containing 50 ug/ml ampicillin and the total complement of 
cellular proteins electrophoresed on an SDS-polyacrylamide gel. a protein of approximately 27 Kd can be 
visualized by either coomassle blue staining or by Westem blot analysis using as probe selected sera from 
HIV infected individuals. 

Example 10-Purification of recombinant protein containing HIV envelope sequences from piasmid pPB1^ 
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1. Growth of cells: 

Cells were grown in a 10-1Her volume in a Chemap fermentor in 2% medium. Fermentation tempera- 
ture was 30* C. the pH was 6.8. and air was provided at 1 wm. Plasmid selection was provided by 20 
Kg/ml chloramphenicol. Typical cell yield (wet weight) was 30 g/l. 



2. Cell lysis: 

50 g wet cell weight, of E coli containing the recombinant HIV envelope fusion protein were 
resuspended in a final volume of""lOOlJ>l in 50 mM Tris-CI pH 8.0. 5 mM KEDTA. 5 mM DDT. 15 mM ^ 
mercaptoethanol, 0.5% TRITON® X-100. and 5 mM PMSF. 300 mg lysozyme was added and the 
suspension incubated for 30 min at room temperature. 

This material was lysed using a BEAD-BEATERTm containing an equal volume of 0.1-0.15 mm glass 
beads. The lysis was done for 6 min at room temperature in 1 min intervals. THe liquid was separated from 
the beads and centrifuged for 2.5 hr at 20.000 xg. The supematant was removed and the pellet was 
resuspended in 100 ml 8 M urea, 20 mM Tris^l pH 8.0. 5 mM DT. 15 mM /j-mercaptoethanol, 5 mM 
PMSF. and 1 mM KEDTA. The pellet was solubilized using a polytron homogenizer and centrifuged at 

^'^e'^ljpernsrte (90 ml) was dialysed against 4 liters of 8 M urea. 20 mM HEPES, pH 6.5. 1 mM EDTA. 
and 15 mM 5-mercaptoethanol. Dialysis was done each time for 8 hr or longer with three changes of buffer. 
45 Spectraphor dialysis tubing with a 3.5 Kd MW cut-off was used. 



3. CM Chromatography: 

The dialysate was loaded onto a 100 ml column (2.5 cm x 20 cm) packed with CM FAST FLOW 
SEPHAROSE® equilibrated in 8 M urea. 10 mM HEPES pH 8.5. 15 mM ^-mercaptoethanol. and 1 mM Na 
EDTA at room temperature. The column was washed with 200 ml equilibration buffer, and the protein eluted 
with a 1.0 liter linear gradient from 0-0.4 M NaCL The HIV protein (26 Kd) eluted at approximately 02 M 
NaCI as assayed by SDS-polyacrylamide gel electrophoresis. 

Further purification was obtained by pooling PBI Rrcontaining fractions and applying to a S-300 gel 
filtration column equilibrated in the same buffer as the previous column. 
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Example 11 -Construction of ar^ expression from plasmid pPBImn 

Plasmid pPBImn. which contains approximately 600 bp of DNA encoding essentially the HIVmn env 
gene from the Bglll site to the Bglll site, arxl from which is synthesized an approximately 28 Kd fusion 
5 protein containing this portion of the gp120 envelope protein, can be constructed as follows: 

1 . Synthesizing DNA fragment in Table 5A. 

2. Restricting plasmid pREV2^ witfi BamH I. 

3. Ugaling the fragment prepared in 1. with the pREV22 fragment in a volume of 20 ul using T4 
DNA Ogase. transforming the ligation mixture into competent cell strain CAG629, and selecting ampidllin- 

10 resistant transformants. 

4. Selecting such transformants. by appropriate restriction patterns, that have the gpl20 fragment 
cloned in the proper orientation to generate a fusion protein. When the strain harboring this recombinant 
plasmid is grown at 32* C in 2% medium containing 50 ug/ml ampidllin and the total complement of 
cellular proteins elecfrophoresed on an SDS-polyacrylamide gel, a protein of approximately 28 Kd can be 

15 visualized by either coomassie blue staining or by Western blot analysis using as probe selected sera from 
HIV infected individuals. 



Example 12-Purification of recombinant protein containing HIV envelope sequences from plasmid pPBInw 

20 



1. Growth of ceils: 

Cells were grown in a 10-liter volume in a Chemap fermwtor in 2% medium. Fermentation tempera- 
ture was 30' C. the pH was 6.8. and air was provided at 1 wm. Plasmid selection was provided by 20 
ug/ml chloramphenicol. Typical cell yield (wet weight) was 30 g/l. 



30 2. Cell lysis: 

50 g. wet cell weight, of E coli containing the recombinant HIV envelope fusion protein were 
resuspended in a final volume of*100 ml in 50 mM Tris-CI pH 8.0. 5 mM KEDTA, 5 mM DTT. 15 mM ^- 
mercaptoethanol, 0 5% TRITON® X-100, and 5 mM PMSF. 300 mg lysozyme was added and the 

05 suspension incubated for 30 min at room temperature. 

This material was lysed using a BEAD-BEATERTM containing an equal volun^e of 0.1-0.15 mm glass 
beads. The lysis was done for 6 min at room temperature in 1 min intervals. The liquid was separated from 
the beads and centriftjged for 2.5 hr at 20.000 xg. The supematant was removed and the pellet was 
resuspended in 100 ml 8 M urea, 20 mM Tris-Q pH 8.0. 5 mM DTT. 15 mM jS-mercapoethanol. 5 mM 

40 PMSF. and 1 mM KEDTA. The pellet was solubilized using a polyfron homogenizer and centrifuged at 
20.000 xg for 2 hr. 

The supemate (90 ml) was dialysed against 4 liters of 8 M urea, 20 mM HEPES. pH 6.5, 1 mM EDTA. 
and 15 mM i3-mercaptoethanol. Dialysis was done each time for 8 hr or longer with three changes of buffer. 
Spectraphor dialysis tubing with a 3.5 Kd MW cut-off was used. 

45 

3. CM Chromatography: 

The dialysate was loaded onto a 100 ml column (2.5 cm x 20 cm) packed with CM FAST FLOW 
50 SEPHAROSE® equilibrated in 8 M urea. 10 mM HEPES pH 6.5. 15 mM ^-mercaptoethanol, and 1 mM 
KEDTA at room temperature. The column was washed with 200 ml equilibration buffer, and tifie protein 
eluted with a 1.0 liter linear gradient from 0-0.4 M NaCI. The HIV protein (28 Kd) eluted at approximately 0.2 
M NaCI as assayed by SDS-pdyacrylamide gel electrophoresis. 

Further purification was' obtained by pooling PBlMN-containing fractions and applying to a S-300 gel 
55 filfration column equilibrated in the same buffer as tiie previous column. 
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Example 13-Construction of and expression from plasmid pPBIsc 

Plasmid pPBI'sc which contains approximately 570 bp of DMA encoding essentially the HIVsc ^ gene 
from the Pvull site to the Bglll site, and from which is synthesize an approximately 26 Kd fusion protein 
cbntaining"Ws portion of the gpl20 envelope protein can be constructed as follows: 
1. Synthesizing DNA fragment in Table 6A. 

^ Resfricting plasmid pREV2^ with EcoRV and BamHI and isolating the large fragment approxi- 
mately 4 Kd. from an agarose gel. ^ 

3. Ugaling the fragment prepared in 1. with the pREV2.2 fragment in a volume of 20 Hi using T4 
DNA ligase. transforming the Ugation mixture into competent ceil sfrain CAG 6^, and selecting ampidllin- 
resistant transformants. _ 

4. Selecting such transformants, by appropriate restriction patterns, that have the gp120 fragment 
cloned in the proper orientation to generate a fusion protein. When the strain harboring this recombinant 
plasmid is grown at 32* C in 2% medium containing 50 ng/ml amptcillin and the total complement of 
cellular proteins electrophoresed on an SDS-polyacrylamide gel, a protein of approximately 28 Kd can be 
visualized by either coomassie blue staining or by Western blot analysis using as probe selected sera from 
HIV infected individuals. 



Example 14-Purification of recomtwnant protein containing HIV envelope sequences from plasmid pPBI^ 



1. Growth of cells: 

Cells were grown in a 10-1 iter volume in a Chemap femnentor in 2% medium. Fermentation tempera- 
ture was 30' C, the pH was 6.8. and air was provided at 1 wm. Plasmid selection was provided by 20 
ug/ml chloramphenlcoL Typical ceil yield (wet weight) was 30 g/l. 

Cell lysis: 

50 g. wet cell weight, of £ ^ containing the recombinant HIV envelope fusion protein were 
resuspended in a final volume of"! 00 ml in 50 mM Tris-CI pH 8.0, 5 mM KEDTA. 5 mM DTT. 15 mM ^- 
mercaptoethanol. 0.5% TRITON X-100, and 5 mM PMSF. 300 mg lysozyme was added and the suspension 
incubated for 30 min at room temperature. 

This material was lysed using a BEAD-BEATERTM containing an equal volume of 0.1-0.15 mm glass 
beads. The lysis was done for 6 min at room temperature in 1 min intervals. The liquid was separated from 
the beads and centrifuged for 2^ hr at 20.000 xg. The supernatant was removed and the pellet was 
resuspended in 100 ml 8 M urea. 20 mM Tris-CI pH 8.0. 5 mM DTT. 15 mM ^-mercaptoethanol. 5 mM 
PMSF. and 1 mM KEDTA. The pellet was solubilized using a polytron homogenizer and centrifriged at 
20.000 xg for 2 hr. 

The supemate (90 ml) was dialysed against 4 liters of 8 M urea, 20 mM HEPES. pH 6.5. 1 mM EDTA. 
and 15 mM jS-mercaptoethanol. and 1 mM KEDTA at room temperature. The dialysate was loaded onto a 
100 ml column (2.5 cm x 20 cm) padced with CM FAST FLOW SEPHAROSE® equilibrated in 8 M urea. 10 
mM HEPES pH 6.5. 15 mM iS-mercaptoethanol. and 1 mM KEDTA at room temperature. The column was 
washed with 200 ml equilibration buffer, and the protein eluted with a 1.0 liter linear gradient from 0-0.4 M 
NaCI. The HIV protein (26 Kd) eluted at approximately 0.2 M NaCI as assayed by SDS-polyacrylamide gei 
electrophoresis. 

Further purification was obtained by pooling pPBIsrContaining fractions and applying to a S-300 gel 
filtration column equilibrated in the same buffer as the previous column. 



Example 15-Construction of and expression from plasmid pPBIwMjz 

Plasmid pPBIvmc. which contains approximately 5«) bp of DNA encoding essentially the HIVwMja env 
gene and from which is synthesized an approximately 26 Kd fusion protein containing this portion of the 
gp120 envelope protein can t>e constnicted as follows: 
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1. Synthesizing DNA fragment in Table 7A. 

Z Restricting plasmid pREV2^ with EcoRV and Bam HI and isolating the large fragment approxi- 
mately 4 Kd, from an agarose gel. 

3. Ugating the fragment prepared in 1. with the pREV2^ fragment in a volume of 20 ul using T4 
5 DNA ligase, transforming the ligation mixture into competent cell strain CAGg23* and selecting ampicillin- 

resistant transfonmants. 

4. Selecting such transformants. by appropriate restriction patterns, that have the gpl20 fragment 
cloned in the proper orientation to generate a fusion protein. When the strain harljoring this recombinant 
plasmid is grown at 32* C in 2% medium containing 50 ag/ml ampicillin and the total complement of 

10 cellular proteins electrophoresed on an SDS-polyacrylamide gel. a protein of approximately 26 Kd can be 
visualized by either coomassie blue staining or by Western blot analysis using as probe selected sera from 
HIV infected individuals. 

js Example l6-Purification of recombinant protein containing HIV envelope sequences from plasmid 

pPB1wMJ2 



20 1. Growth of cells: 

Cells were grown in a 10-liter volume in a Chemap fermentor in 2% medium. Fermentation tempera- 
ture was 30* C. the pH was 6.8, and air was provided at 1 wm. Plasmid selection was provided by 20 
ag/ml chloramphenicol. Typical cell yield (wet weight) was 30 g/l. 

25 

2. Cell lysis: 

50 g, cell weight of E. rail containing the recombinant HIV envelope fusion protein were 
30 resuspended in a final volume of^lOO ml in 50 mM Tris-a pH 8.0. 5 mM KEDTA, 5 mM DTT, 15 mM ^- 

mercaptoethanol, 0.5% TRITON® X-100. and 5 mM PMSF. 300 mg lysozyme was added and the 

suspension incubated for 30 min at room temperature. 

This material was lysed using a BEAO-BEATER™ containing an equal volume of 0.1-0.15 mm glass 

beads. The lysis was done for 6 min at room temperature in 1 min intervals. The liquid was separated from 
35 the beads and centrifuged for 2.5 hr at 20.000 xg. The supernatant was removed and the pellet was 

resuspended in 100 ml 8 M urea, 20 m Tris-CI pH 8.0. 5 mM DTT, 15 mM /j-mercaptoethanol. 5 mM 

PMSF. and 1 mM KEDTA. The pellet was solubilized using a poiytron homogenizer and centrifuged at 

20.000 xg for 2 hr. 

The supemate (90 ml) was dialysed against 4 liters of 8 M urea, 20 mM HEPES. pH 6.5, 1 mM EDTA, 
40 and 15 mM /S-mercaptoethanol. Dialysis was done each time for 8 hr or longer with three changes of buffer. 
Spectraphor dialysis tubing with a 3.5 Kd MW cut-off was used. 



3. CM Chromatography: 

45 

The dialysate was loaded onto a 100 ml column (2.5 cm x 20 cm) padced with CM FAST FLOW 
SEPHAROSE® equilibrated in 8 M urea 10 mM HEPES pH 6.5. 15 mM i3-mercaptoethanol. and 1 mM Na 
EDTA at room temperature. The column was washed with 200 ml equilibration buffer. arKJ the protein eluted 
with a 1.0 liter linear gradient from 0-0.4 M Had. The HIV protein (26 Kd) eluted at approximately 0.2 M 
so NaCI as assayed by SDS-polyacrylamide gel electrophoresis. 

Further purification was obtained by pooling PBIwiwa-containing fractions and applying to a S-300 gel 
filtration column equilibrated in the same tmffer as the previous column. 



55 
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Example 17-Cell fusion inhibition 

7118 in vitro fusion of HIV infected cells with T4 positive T cells is measured in the presence and 
absence Sf i^um serum. This is a well-known assay (Putney, et al. t1986] Science 234:1^2-1^. 

Chronically infected cells and uninfected cells (1:1 5) are mixed and incubated 24 hr. Fod of fused cells 
(giant cells) are then counted (usually about 60). Dilution of an Immune serum, for example, serum to the 
entire HIV envelope (gpieo) or to a protein or peptide of the im^entton. is added when the cells are mixed. A 
90% decrease in giant cells after 24 hr Indicates the immune serum can block fusion. This assay can be 
done with cells Infected with various virus strains, for example. HIVb and HIVrf. 

Example la-CompetMon cell fusion 

Using the assay described in Example^T. one can determine if proteins or peptides contain the epitope 
recognized by antibodies that are responsible for ceU fusion inhibition. For example, fusion Inhibition of 
HIVmB infected cells by antisemm to PBI-llla^protein is abated by addition of FBI protein to 5 UQ/ml. Uang 
antisemm to FBI and adding any one of the.proteins or peptides, for example. Sub 2. Sub L CNBrl. 
peptide 135 or peptide 136 at 5 ug/ml totally blocks the activity of the FBI antiserum. Peptide 138 ata 
concentration of greater than 20 ugftnl prevents inhiWlfon of fusion by antlsera to PBIrp of HIV^Hnfected 
cells. Similarly, at a concentration of 10 iig/ml, peptkte 138 completely prevents inhibition of fusion by 
antlsera to PBHIIb of HiV,„BMnfected cells. This peptide, whfch is a hybrid between ills and m= sequences 
thus has activity affecting both viral isolates. 



25 Example 19-Co-immunization of PBI-IIIb and FBIrf 

Antlsera from an animal immunized with two FBI proteins from HlVma and HIV„f isolates were capable 
of bkwWng cell fusion of both HIVwb- and HlVpHnfected cells. This demonstrates that co-immunizalion with 
separate proteins containing envelope sequences of two HIV isolates elicits an immune response capable of 
30 neutralizing both Isolates. This novel property of small proteins or peptides blocking immune senjm has not 

been described before. . . . i. , 

Some of the proteins and peptides of the subject Invention contain the entire epitope for raising humoral 
immune responses that neutralize HIV infectton and btock HIV infected cell fusfon. This is shown by th^ 
proteins and peptWes competing these activities out of serum from animals immunized with the entre HIV 
35 envelope protein, or the PB1 protein portion of the HIV envetope. More specifically, proteins and peptid^ 
that can compete these activities from arti-gp160 or anti-FBI sera are Sub 2. Sub 1. CNBrl. peptide 135. 

and peptkte 136. ^ ^ „ 

The proteins and peptides of the invention also can be used to stimulate a lymphocyte proliferallve 
response in HIV infected humans. This then would stimulate the immune system to respond to HIV in such 
40 individuals. 



Example 20--Constmction of and expression from plasmid pFBInia 

45 FlasmW pFBI. which contains approximately 540 base pairs of DMA encoding essentially the HIV env 
gene from the Pvull site to ttie Bglll site, and from whteh is synttieslzed an approximately 28 kD fusion 
proton contalningiils portion of the gp120 envetope protein can be constructed as foltows: 

1 Synthesizing the DNA wltti the sequence shown in Table 15: This DNA fragment can be 
synttieslzed by standard methods and encodes a portion of gp120 It has a blunt end on tiie 5 end and an 
so end which will ligate with a BamHI overhang on the 3 end. 

2. Restricting 5 ug"pEimid pREV2.2 with EcoRV and BamH I and isolating ttie large fragment 
approximately 4 kD, from an agarose gel. ... 

3 Ugating 0.1 ug of tiie fragment in Tabte 15 witti 0.1 ug of ttie pREV2.2 fragment in a volume of 20 
ul using T4 DNA ligase. transforming ttie ligation mixture Into competent cell strain SG20251. and selecting 

55 ampidllln resistant transformants. .. ^ ^ ^ ^ ^ ► 

4 Using ttie Ahalll restriction pattern of purified plasmid, selecting cells harboring ttie recombinant 
plasmid witti ttie synttTeslzed fragment in ttie orientation whereby ttie fragment blunt end ligated to ttie 
REV22 EcoRV end and tiie BamHI overtianging ends ligated togettier. Ahalll digesUon of ttie proper 
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plasmid gives fragment lengths of approximately 1210. 1020, 750. 690. 500. 340. and 20 base pairs. When 
the strain harljoring this recombinant plasmid is grown in 2% medium containing 50 ug/ml ampidllin and 
the total complement of cellular proteins electrophoresed on an SDS-polyacrylamide gel. a protein of 
approximately 26 kD can be visualized by either coomassie blue staining or by westem blot analysis using 
5 as probe selected sera from AIDS. ARC, or HIV infected individuals. 



Example 21 -Purification of recombinant protein containing HIV envelope sequences from plasmid pPBIma 

10 

t Growth of cells: 

Cells were grown in a 10 liter volume in a Chemap fermentor in 2% medium. Fermentation temperature 
TS was 37* C, the pH was 6.8, amj air was provided at 1 wm. Plasmid selection was provided by 50 ug/ml 
ampidllin and 20 ug/ml chloramphenicol. Typical cell yield (wet weight) was 30 g/l. 



2. Cell Lysis: 

20 

50 g. wet cell weight of E. coll containing the recombinant HIV envelope fusion protein were 
resuspended in a final volume of lOOlnl in 50 mM Tris-Q pH 8.0, 5 mM KEDTA, 5 mM DTT. 15 mM 
mercaptoethanol. 0 5% Triton X-100. and 5 mM PMSF. 300 mg lysozyme was added and the suspension 
incubated for 30 min at room temperature. 

25 This material was lysed using a BEAD-BEATERTM (Biospec Products, Bartlesville, OK) containing an 
equal volume of 0.1-0.15 urn glass beads. The lysis was dorie for 6 min at room temperature in 1 min 
intervals. The liquid was separated from the beads and centrifuged for 2.5 hr at 20.000 xg. The supernatant 
was removed and the pellet was resuspended in 100 ml 6 M guanidine-hydrochloride, 20 mM Tris-Ct pH 
8.0. 5 mM DTT, 15 mM i9-mercaptoethanol, 5 mM PMSF, and 1 mM KEDTA. The pellet was sblubilized 

30 using a polytron homogenizer and centrifuged at 20,000 xg for 2 hr. 

The supemate (90 ml) was dialysed against 4 liters of 8 M urea, 20 mM Tris-CI. pH 8.0, 1 mM EDTA, 
and 15 mM ^-mercaptoethanol. Dialysis was done each time for 8 hr or longer with three changes of t>uffer. 
Spectraphor dialysis tubing (S/P, McGraw Park. IL) with a 3.5 kD MW cut-off was used. 

35 

3. CM chromatography 

The dialysate was loaded onto a 550 ml column (5 cm x 28 cm) packed with CM Fast f\aw Sepharose 
(Pharmacia), equilibrated in 8 M urea, 10 mM potassium phosphate pH 7.0, 15 mM ^-mercaptoethar>ol, and 
40 1 mM KEDTA at room temperature. The column was washed with 2 liters equilibration kMjffer, and the 
protein eluted with a 5.0 liter linear gradient from 0-0.4 M NaCl. The HIV protein (26 kD) eluted at 
approximately 0.2 M NaCI as assayed by SDS-polyacrylamide gel electrophoresis. 

This work was supported in part under contract number NOl-AI-62558, awarded to Repligen Corpora- 
tion by the Nattonal Institute of Allergy and Infectious Diseases (NIAID). 

45 
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TABLE 2 

LeuAsnGInSerValGlulleAsnCysThrArgProAsnAsnAsnThrArgLys 
5 SerlleArglteQInArgGlyProGlyArgAIaPheValThrlleGlyLyslle 
GlyAsnM0tArgGlnAlaHisCysAsnlleSerArgAlaLysTrpAsnAsnThr 

TABLE 2A 

10 

CTGAACCAATCTGTAGAAATTAATTGTAGAAGACCCAACAACAATACAAGAAAA 
AQTATCCQTATCCAGAQAGQACCAQQGAGAGGATTTGTTACAATAGQAAAAATA 
GGAAATATGAGAGAAGCAGATTGTAACATTAGTAGAGCAAAATGGAATAACACTTT 

15 

TABLE 28 



20 MetLeuArgProValQIuThrProThrArgQIulleLysLysLeuAspGIyLeu 
TipAlaPheSeri-euAspArgGluArgValAiaAspLeuAsnGlnSerValGlu 
lleAsnCysThrArgProAsnAsnAsnThrArgLysSerlteArglleGlnArg 
QlyProGlyArgAlaPheVarrhrlleQIyLyslleQIyAsnMetArgGlnAla 
HisCysAsnlleSerArgAIaLysTrpAsnAsnThrLeuGlyAIaArglleLeu 

25 GluAspGluArgAlaSer 



TABLE 2C 

^ ATGTTACGTCCTQTAQAAACCCCAACCCGTGAAATCAAAAAACTGQACGGCCTG 
TGGGGATTCAGTGTG6ATGGCGAACGCGTGGCCGATCTGAAGGAATCTQTAGAA 
ATTAATTGTACAAGACCCAACAACAATACAAGAAAAAGTATCCGTATCCAGAGA 
GQACCAGGGAQAGCATTTGTTACAATAQGAAAAATAGGAAATATGAGACAAGCA 

35 CATTGTAACATTAGTAGAGCAAAATGGAATAAGACTTTGGGAGCTCGAATTCTT 
GAAGACGAAAGGGCCTCG 



TABLE 3 

40 

LeuAsnGInSerValGlulleAsnCysThrArgProAsnAsnAsnThrArgLys 
SerlleArglleQInArgGlyProGlyArgAlaPheVarrhrileGlyLyslle 
GlyAsnMetArgGlnAlaHlsCysAsnJIoSerArgAlaLysTrpAsnAsnThr 
45 UuLysGInlleAspSerLysLeuArgGluGlnPheGlyAsnAsnLysThrlle 
ItePheLysGlnSerSerGlyGlyAspProGlulleValThrHisSerPheAsn 
CysGtyGIyGluPhePheTyrCysAsnSerThrGlnLeuPheAsnSer 

50 TABLE 3A 



GTGAACCAATCTGTAGAAATTAATTGTACAAGACCCAACAACAATACAAGAAAA 
AGTATGCGTATCCAGAGAGGACCAGGGAGAGCATTTGTTACAATAGGAAAAATA 
55 GGAAATATGAGACAAGCACATTGTAACATTAGTAGAGCAAAATGGAATAAGACT 
TTAAAACAGATAGATAGCAAATTAAGAGAAGAATTTGGAAATAATAAAACAATA 
ATCTTTAAGCAGTCCTCAQQAGGQGACCCAGAAATTGTAACGCACAGTTTTAAT 
TQTGGAGGGGAATTTTTCTAGTGTAATTCAACACAACTGTTTAATAGT 
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TABLE 3B 



MetLeuArgProValGIuThrProThrArgGlulleLysLysLeuAspGlyLeu 
6 TrpAIaPheSerUuAspArgGluArgValAlaAspLeuAsnGInSsrValGlu 
lleAsnCysThrArgProAsnAsnAsnThrArgLysSerlleArgileGinArg 
GlyProGlyArgAlaPheVamirileGlyLyslleGlyAsnMetArgGlnAla 
HisCysAsnlleSerArgAlaLysTrpAsnAsnThrLeuLysGlnlleAspSer 
LysLeuArgGluGinPheGlyAsnAsnLysThrllellePheLysGlnSerSer 
GlyGlyAspProGlulleValThrHisSerPheAsnCysGlyGlyGluPhePhe 
TyrCysAsnSerThrGlnLeuPhoAsnSerGlySerSerAsnSer 
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TABLE 3C 



ATGTTACGTCGTGTAGAAACCCCAACCCGTGAAATCAAAAAACTGGACGGCCTG 
TGGGCATTCAGTCTGGATCGCGAACGCGTGGGCGATCTGAACCAATCTGTAGAA 
ATTAATTGTACAAGACCCAACAACAATACAAQAAAAAGTATCCGTATCGAGAGA 
GQACCAGGGAGAGGATTTGTTACAATAGGAAAAATAGGAAATATGAGAGAAGCA 
CATTGTAACATTAGTAGAGGAAAATGGAATAACACTTTAAAACAGATAGATAQC 
AAATTAAGAGAACAATTTGGAAATAATAAAACAATAATCTTTAAGCAGTCCT^ 
GGAGGGGACCGAGAAATTGTAACGCACAGTTTTAATTQTGGAQGGGAATTTTTC 
TACTGTAATTGAACACAACTGTTTAATAGTGGGAGCTCGAATTCT 



TABLE 4 



LeuAsnAlaSerVaiGlnlleAsnCysThrArgProAsnAsnAsnThrArgLys 
SerlleTtirLysQIyProGlyArgVallleTyrAlaThrGtyGlnltelteGly 
AsplleArgLysAlaHisCysAsnLBuSerArgAlaGlnTrpAsnAsnThrLeu 
LysQInValVamirLysLeuArgGluGlnPheAspAsnLysThrlleValPhe 
ThrSerSerSerGlyGlyAspProGlullaValUuHisSerPheAsnCysGly 
35 GlyGluPhePheTyrCysAsnThrThrQInLeuPheAsnSerThrTrpAsnSer 
ThrGluGlySerAsnAsnThrGlyGlyAsnAspThrileThrLeuProCysArg 
lleLysGlnlleValAsnMetTrpQInQluValQIyLysAlaMBtTyrAlaPro 
ProlleSerGlyGlnlleLysCyslleSerAsnlleThrGlyLeuLeuLeuThr 
ArgAspGlyGlyGluAspThrThrAsnThrThr 

40 

TABLE 4A 

45 CTGAATGCATCTGTACAAATTAATTGTACAAGAGCCAACAAGAATACAAGAAAA GAGTTACQ- 

TAGAGATGTTTAATTAAGATGTTCTGGQTTGTTQTTATGTTGTTTT ^^„.^^*^^^oxr* 
AGTATAACTAAGQQAGCAGGGAGAGTAATTTATGCAACAGGACAAATAATAGGA TGATATTGATTCCCTG- 

GTGCGTGTCATTAAATACGTTGTCCTGTTTATTATCCT ^- 

GATATAAGAAAAGCACATTGTAAGGTTAGTAGAGCAGAATGGAATAACACTTTA CTATATTGTTTTCGTQ- 

50 TAAGATTGGAATCATCTCGTGTTAGCTTATTGTQAAAT ^^-^ 
AAACAGQTAGTTACAAAATTAAQAGAACAATTTGACAATAAAACAATAGTGTTT TTTGTCCATGAATQTTT- 

TAATTCTCTTGTTAAACTGTTATTTTGTTATGAGAAA -rr^oAOTA^r-Aornrrr 
ACGTCATCCTGAGGAGGGGACCCAGAAATTQTACTTCAGAGTTTTAATTGTGQA TGCAGTAGQAQTCCTC- 

GCGTGQGTGTTTAACATGAAQTGTGAAAATTAACACCT * * a a/s a-t 

55 GGGGAATTTTTGTACTGTAATACAACACAACTQTTTAATAGTACTTGGAATAQT CCCCTTAAAAAQAT- 

GACATTATGTTGTGTTGACAAATTATGATGAACCTTATCA ^^o^^a^xt-tax 
ACTGAAGGGTCAAATAACACTGGAGGAAATGACACAATCACACTGCCATGGAQA TGAGTTGCCAGTTTAT. 

TGTQAGCTGCTTTACTGTGTTAGTQTGAGGGTACGTCT 
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ATAAAACAAATTGTAAACATGTGGCAGGAAGTAGGAAAAGCAATGTATGCCCCT TATTTTGTTTAACATTT- 
GTACACCGTCCTTCATCCTTTTCGTTACATACGGGGA 

CCCATCAGTGGACAAATTAAATGTATATCAAATATTACAGGGCTACTATTAACA GGGTAGTCACCTGTT- 
TAATTTACATATAGTTTATAATGTCCCQATGATAATTGT 

AGAGATGGGGGTGAAGATACAACTAATACTACAGA TCTCTACCCCCACTTCTATGTTGATTATGATGTCTC- 
TAG 



TABLE 4B 



MotLeuArgProValGluThrProThrArgGluileLysLysLeuAspGlyLeu 
TrpAlaPheSerLeuAspArgGluArgValAlaAspLeuAsnAlaSerValGln 
lleAsnCysThrArgProAsnAsnAsnThrArgLysSerlleThrLysGlyPro 

/5 GlyArgVallteTyrAlaThrGlyGlnllelleGlyAsplleArgLysAlaHis 

CysAsnLeuSerArgAIaGlnTrpAsnAsnThrLeuLysGInValValThrLys 
LeuArgGluGlnPhoAspAsnLysThrlleValPheThrSerSerSorGlyGly 
AspProGlulteVallBuHisSerPheAsnCysGlyGlyGluPhePheTyrCys 
AsnThrThrGlnLeuPheAsnSerThrTrpAsnSerThrGluGIySerAsnAsn 

20 ThrGlyGlyAsnAspThrlleThrLeuProCysArglleLysGlnlleValAsn 
MetTrpGlnGluValGIyLysAlaMetTyrAlaProProlteSerGlyGlnlle 
LysCyslIeSerAsnlleThrGlyLeuLeuLeuThrArgAspGlyGlyGluAsp 
ThrThrAsnThrThrGIulleArgArgGlnAlaSerArgGluLeuGluPheLeu 
LysThrLysGlyProArgAspThrProllePhelleGly 



TABLE 4C 



ATGTTACGTCCTGTAGAAAGCCCAACCCGTGAAATCAAAAAAGTGGACGGCCTG 
TGGGCATTCAGTGTGGATCGCGAACGGGTGGCCGATCTGAATGCATGTGTACAA 
ATTAATTGTACAAQACCGAACAACAATACAAGAAAAAGTATAACTAAGQGACCA 
GGGAGAGTAATTTATGCAACAGGAGAAATAATAGGAGATATAAGAAAAGCACAT 
TGTAACCTTAGTAGAGCACAATGGAATAACACTTTAAAACAGGTAGTTAGAAAA 
TTAAGAQAACAATTTGACAATAAAACAATAGTCTTTACGTCAT CCTCA GGAGGG 
GACCCAGAAATTGTACTTCACAGTmAATTGTGGAGGGGAATTTTTCTACTGT 
AATACAACACAACTGTTTAATAGTACTTGGAATAGTACTGAAGGGTCAAATAAC 
ACTGGAGGAAATQACACAATCACACTCCCATGCAGAATAAAACAAATTGTAAAC 
ATGTGQCAGQAAGTAGGAAAAGCAATGTATGCCCCTCCCATCAGTGGACAAATT 
AAATGTATATCAAATATTACAGGQCTACTATTAACAAGAGATGGGGGTGAAGAT 
ACAACTAATACTACAGAGATCCGTCGAC AAGCTT CCCGGGAGCTGGAATTCTTG 
AAGACQAAAGGGCCTGQTGATACTCCTATTTTTATAGGT 



TABLES 



GluAsnPheThrAspAsnAlaLysThrllelleValHisLeuAsnQlu 
SerValGlnlleAsnCysThrArgProAsnTyrAsnLysArgLysArglleHis 

60 lleGlyProGlyArgAlaPheTyrThrThrLysAsnllelleGlyThrUeArg 
GlnAlaHisCysAsnlleSerArgAlaLysTrpAsnAspThrLeuArgGlnlle 
ValSerLysLeuLysGluGlnPheLysAsnLysThrlleValPheAsnGlnSer 
SerGlyGlyAspProGlulleValMetHisSerPheAsnCysGlyGlyGluPhe 
PheTyrCysAsnThrSerProLeuPheAsnSerThrCysLyslleLysGlnlle 

55 lleAsnMetTrpGlnGIuValGlyLysAlaMetTyrAlaProProUeGIuGly 
GlnlleArgCysSerSerAsnlleThrGlyLeuLeuLeuTTirArgAspGlyGly 
LysAspThrAspThrAsnAspThr 
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TABLE 5A 

GATCTGAAAATTTCACAGACAATGCTAAAACCATAATAGTACACCTGAATGAA ACTTTTAAAGTGTCTG- 

TTAGGATTTTGGTATTATCATGTGGACTTACTT .^*^»^«^a at 

TCTGTACAAATTAATTQTACAAGACCCAAGTACAATAAAAGAAAAAGGATAGAT AGACATQTTTAAT. 

TAACATGTTCTGGGTTGATGTTAI i I ICi I M IGCTATGTA ^.^^r^r^r^^r^r^r^^n^nn 
ATAGGACCAGGGAGAGGATTTTATAGAACAAAAAATATAATAGGAACTATAAGATATCGTGGTCC 

TAAAATATGTTGTTTTTTATATTATCCTTGATATTGT 

CAAGCACATTGTAACAmGTAGAGCAAAATGGAATGAGACTTTAAGACAGATA GTTCGTGTAACATTG- 

TAATCATCTCGTTTTACCTTACTGTGAAATTCTGTGTAT ^-ttttott 
QTTAGCAAATTAAAAQAACAATTTAAGAATAAAACAATAQTCTTTAATCAATCC CAATCGTTTAATTTTCTT- 

GTTAAATTCTTATTTTGTTATCAGAAATTAGTTAGG 

TCAGGAGGGGACCCAGAAATTGTAATGCACAQTTTTAATTGTGGAGGGGAATTTAGTCCTGCCCTO 
TTTAAGATTAGGTGTCAAAATTAAGAGCTCGCGTTAAA 

TTGTAGtGTAATACATCAGGAGTQTTTAATAGTAGTTGGAAAATAAAAGAAATT AAGATGAGATTATGTAGT- 

GGTQAGAAATTATCATGAAGGTmATTTTGTTTAA ^.^^^.^.r^r^r^^nn 
ATAAAGATGTGGGAGGAAGTAGGAAAAGCAATGTATGGGGGTGGGATTGAAGGA TATTTGTACAGCGTGG- 

TTCATGCmTGGTTACATAGGGGGAGGGTAAGTTGGT ^^..^^A^AAr^TAr- 
CAAATTAGATGTTGATCAAATATTACAGQGGTAGTATTAAGAAGAGATGGTQGT GTTTAATCTAGAAGTAG- 

TTTATAATGTCCGGATQATAATTGTTGTGTACGAGGA 

AAGQAGACGGAGACGAAGGAGAGGGA TTGCTGTGGCTGTGGTTGCTGTGGGTGTAG 



TABLE 5B 



MetLeuArgProValQIuTTirProThrArgGlulleLysLysLeuAspGlyLeu 
TrpAlaPhoSerLeuAspArgGluArgValAIaAspltelleAspGlySerGlu 
30 AsnPheThrAspAsnAlaLysThrllelleValHisLeuAsnGluSerValGIn 
lleAsnCysTTirArgProAsnTyrAsnLysArgLysArglleHisHeGlyPro 
GlyArgAlaPheTyrThrThrLysAsnltelleGlyThrlteArgGlnAlaHis 
CysAsnlleSerArgAlaLysTrpAsnAspThrLeuArgGlnlleValSerLys 
LeuLysGluGlnPheLysAsnLysThrlleValPheAsnGlnSerSerGlyGly 
35 AspProGlulieValMetHisSerPheAsnGysGlyGlyGluPhePheTyrCys 
AsnThrSerProLeuPhoAsnSerThrGysLyslleLysGlnllelleAsnMet 
TrpGlnQluValGlyLysAlaMetTyrAIaProProlIeGluGlyGlnlleArg 
GysSerSerAsnlleThrGlyLeuLeuLeuThrArgAspGlyGlyLysAspThr 
AspThrAsnAspThrGlulleArgArsGlnAIaSerArgQIuLeuGluPheLeu 
LysThrLysGlyProArgAspThrProllePhelteGly 



40 



45 



55 



TABLE 5G 



ATGTTACGTGGTGTAGAAAGGCCAAGGCGTGAAATGAAAAAAGTQGAGGGGGTG 
TGGQGATTCAGTGTQGATGGGGAAGGGGTGGGGGATATGATCGATGGATGTGAA 
AATTTCAGAGAGAATGGTAAAAGGATAATAQTACAGGTGAATGAATGTGTACAA 
ATTAATTGTAGAAGAGGGAACTAGAATAAAAGAAAAAGGATACATATAQQAGCA 
50 GGGAGAGGATTTTATAGAAGAAAAAATATAATAGGAAGTATAAGAGAAGGAGAT 
TQTAAGATTAGTAGAQGAAAATGGAATGAGACTTTAAGAGAQATAGTTAQGAAA 
TTAAAAGAAGAATTTAAGAATAAAAGAATAGTGTTTAATGAAT GGTGAG GAGGG 
GAGGCAGAAATTGTAATGGAGAGTTTTAATTGTGGAGGGQAATTTTTGTAGTGT 
AATACATCAGCAGTGTTTAATAGTACTTGGAAAATAAAACAAATTATAAAGATG 
TGGGAGGAAGTAGQAAAAGGAATGTATGCGGGTGCCATTGAAGGACAAATTAGA 
TQTTGATCAAATATTAGAGGGGTACTATTAACAAGAGATGGTGGTAAGQACAGG 
GACAGGAAGGAGAGCGAGATGGGTCGA GAAGGT TCCCGGGAGGTGGAATTGTTG 
AAGAGQAAAGGQGGTGGTQATAGTCGTATTTTTATAGGT 
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TABLES 



LeuLysGIuAlaVaiGlulteAsnCysThrArgProAsnAsnAsnThrThrArg 
SerlleHislleGIyProeiyArgAiaPheTyrAlaThrGlyAsplIeHeGly 
AsplleArgGlnAJaHisCysAsnlleSerArgAlaLysTrpAsnAsnThrLeu 
LysGlnlleVallleLysLeuArgAspGlnPheGluAsnLysThrllellePhe 
AsnArgSerSerGlyGlyAspProGlulleValMetHisSerPheAsnCysGly 
GlyGluPhePhoTyrCysAsnSerThrGlnLeuPheSerSerThrTrpAsnGly 
ThrGIuGlySerAsnAsnThrGlyGlyAsnAspThrlteThrLeuProCysArg 
lleLysGlullelleAsnMetTrpGtnGluValGlyLysAlaMetTyrAlaPro 
ProlIeLysGlyGlnVaiLysCysSerSerAsnlleThrGlyLeuLeuLeuThr 
ArgAspGIyQIyAsnSerLysAsnGlySerLysAsnThr 



TABLE 6A 



CTGAAAGAAGGTGTAGAAATTAATTGTACAAGGCCCAACAAGAATACAACAAGA GAGTTTCTTO 
QACATCTTTAATTAACATQTTCCGGGTTGTTGTTATGTTQTTCT 

AGTATACATATAGGAGCAGGGAGAGCATTTTATGCAACAGGAGACATAATAGGA TGATATGTATATCCTG- 
GTCCCTCTCGTAAAATACGTTGTCCTCTGTATTATCCT 

GATATAAGACAAGCACATTGTAACATTAGTAGAGCAAAATGGAATAACACTTTA CTATATTCTGTTCQTQ- 
TAACATTQTAATCATCTCQTTTTACCTTATTGTGAAAT 

AAACAGATAGTTATAAAATTAAGAGACCAATTTGAGAATAAAACAATAATCTTT TTTGTCTATCAATATTT- 
TAATTCTCTGGTTAAACTCTTATTTTGTTATTAGAAA 

AATCGATCCTCAGQAGGAGACCCAGAAATTGTAATGCACAGTTTTAATTGTGGA TTAGCTAGGAGTCCTC- 
CTCTGGGTCTTTAACATTACGTGTCAAAATTAACACCT 

GGGGAATTTTTCTACTGTAATTCAACACAACTGTTTAGTAGTAGTTGGAATGGT CCCCTTAAAAAGAT- 
GACATTAAGTTGTGTTGACAAATCATGATGAACCTTACCA 

ACTQAAGGQTCAAATAACACTGGAGGAAATGACACAATCACCCTCCCATGCAGA TGACTTCCCAGTTTAT- 

TGTGACCTCCTTTACTGTGTTAGTGGGAGGGTACGTCT 

ATAAAAGAAATTATAAACATGTGGCAGGAAGTAGGAAAAGCAATQTATGCCCCT TATTTTCTTTAATATTT- 

GTAGACCGTCCTTCATCCTTTTCGTTACATACGQGGA 

CCCATCAAAGGACAAGTTAAATQTTGATCAAATATTACAGGGCTGCTATTAACA GGGTAGTTTGCTGT- 
TCAATTTAOAAGTAQTTTATAATGTGCGGACGATAATTGT 

AGAGATGGTGQTAATAGCAAGAATQQTAGCAAGAATACAGA TGTCTACCAGCATTATCGTTCTTACCATC- 
GTTCTTATGTCTCTAG 



TABLE 6B 



MetLeuArgProValGluThrProThrArgGlulleLysLysLeuAspGlyLeu 
TrpAlaPheSerLeuAspArgGluArgValAlaAspLeuLysGluAlaValGlu 
lleAsnCysThrArgProAsnAsnAsnTTirThrArgSerJieHislleGlyPro 
GlyArgAlaPheTyrAlaThrQIyAspllelloGlyAsplleArgGlnAlaHis 
CysAsnlleSerArgAlaLysTrpAsnAsnThrLeuLysGlnlleVallleLys 
LeuArgAspGlnPheGluAsnLysThrllellePheAsnArgSerSerGlyGly 
AspProQIulleValMetHisSerPheAsnCysQIyGlyQIuPhePheTyrCys 
AsnSerThrGlnLeuPheSerSerThrTrpAsnGlyThrGluGlySerAsnAsn 
ThrGlyGlyAsnAspThrlteThrLeuProCysArglleLysGlullelleAsn 
MetTrpGlnGluValGlyLysAlaMetTyrAlaProProlleLysGlyGlnVal 
LysGysSerSerAsnlleThrGlyLeuLeuLeuThrArgAspGlyGlyAsnSer 
LysAsnGlySerLysAsnThrGlulleArgArgGlnAlaSerArgGluLeuGlu 
PhsLeuLysThrLysGlyProArgAspThrProllePhelleGly 
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TABLE 6C 



ATGTTACQTCCTGTAQAAACCCCAACCCGTGAAATCAAAAAACTGQACGGCCTG 
TGGGCATTCAGTCTGGATCGCGAACGCGTGGCCGATCTGAAAGAAGCTGTAGAA 
ATTAATTGTACAAQQCCCAACAACAATACAACAAGAAQTATACATATAQQACCA 
GGGAGAGCATTTTATGCAACAGGAGACATAATAGGAQATATAAGACAAGCACAT 
TGTAACATTAQTAQAQCAAAATQQAATAACACTTTAAAACAQATAGTTATAAAA 
TTAAGAGACCAATTTGAGAATAAAACAATAATCTTTAATCGAT CCTCA GGAGGA 
GACCCAGAAAnGTAATGCACAGTTTTAATTGTGGAGGGGAATrnrCTACTGT 
AATTCAACACAACTGTTTAGTAGTACTTGQAATGGTACTGAAQGGTCAAATAAC 
ACTQGAQGAAATGACACAATCACCCTCCCATGCAGAATAAAAGAAATTATAAAC 
ATQTGGCAGGAAGTAQGAAAAQCAATQTATGCCCCTCCCATCAAAQGACAAGTT 
AAATQTTCATCAAATATTACAQQQCTGCTATTAACAAQAQATQQTQQTAATAQC 
AAGAATGGTAGCAAGAATACAGAGATCCGTCGA CAAGCT TCCCGGGAGCTGGAA 
TTCTTGAAGACQAAAGGGCCTCQTGATACTCCTA ATAGQT 



TABLET 



LeuAsnGluSerValQIulleAsnCysThrArgProTyrAsnAsnValArgArg 
SerLeuSerlleGlyProQIyArgAlaPheArgThrArgGlullelteGlylte 
lloArgGInAlaHisCysAsnlleSerArgAlaLysTrpAsnAsnThrLeuLys 
GInlleValGluLysLeuArgGluGlnPheLysAsnLysThriteValPheAsn 
HisSerSerGlyGlyAspPtoGlulleValThrHisSerPheAsnCysGlyQIy 
QluPhePheTyrCysAsnSerThrQInLeuPheAsnSerThrTrpAsnGlyThr 
AsplleLysGlyAspAsnLysAsnSerThrLeulleThrLeuProCysArglte 
LysQInllelleAsnMetTrpGlnGlyValGlyLysAlaMetTyrAlaProPro 
lleGlnGlyGhilteArgCysSerSerAsnlleThrGlyLeuLBuLeuThrArg 
AspGlyGlyAsnSerSerSerArgGlu 

TABLE 7A 

CTGAATGAATCTGTAQAAATTAATTQTACAAQACCCTACAAGAATQTAAGAAQA GACTTACT- 
TAQACATCTTTAATTAACATGTTGTGGGATGTTGTTAGATTCTTCT 

AGTCTATCTATAGQAGCAGGGAGAGCATTTCGTAGAAGAGAAATAATAGGAATT TCAGATAGATATCCTQ- 
QTCCCTCTCGTAAAGCATGTTCTCTTTATTATCCTTAA 

ATAAGACAAGCACATTGTAACATTAQTAGAGCAAAATGGAATAACACTTTAAAA TATTCTQTTCGTG- 
TAACATTGTAATCATCTCQTnTACCTTATTGTGAAATTTT 

CAGATAGTTQAGAAATTAAGAGAACAATTTAAGAATAAAACAATAGTCTrrAAT GTCTATCAACTCTTTAAT- 
TCTCTTGTTAAATTCTTATTTTGTTATCAGAAATTA 

CATTCCTCAQGAGGGQACCCAGAAATTGTAACGCAOAGTTTTAATrQTGGAGGG GTAAGQAGTCCTCCC- 
CTGGQTCTTTAACATTQCQTGTCAAAATTAACACCTCCC 

GAATTTTTCTACTGTAATTCAACACAACTQTTTAATAGTACTTGGAATGGTACT CTTAAAAAGATGACAT- 

TAAQTTGTGTTGACAAATTATCATGAACCTTACCATGA 

QACATTAAAGGAQATAATAAAAATAGCACACTCATCACACTCCCATGCAGAATA CTGTAATTTCCTCTAT- 

TATTTTTATCQTGTGAGTAGTGTQAGGGTACQTCTTAT 

AAACAAATTATAAACATGTGGCAGGGAGTAGQGAAAGCAATGTATGCCCCTCCC TTTGTTTAATATTTQ- 
TACACCGTCCCTCATCCGTTTCQTTACATACGGQGAGGG 

ATCCAAQGACAAATTAGATGTTCATCAAATATTACAGGQCTGCTATTAACAAGA TAGQTTCCTGTTTAATC- 
TACAAGTAQTTTATAATGTCCCQACGATAATTGTTCT 

GATGGTGQTAATAGCAGCAGCAGGGAAGACTACCACCATTATCGTCGTCGTCCCTTCTCTAG 
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TABLE 7B 



MetLeuArgProVaiGluThrProThrArgGlulleLysLysLeuAspGlyLeu 
TrpAIaPheSerLeuAspArgGluArgValAIaAspLeuAsnGluSerValGIu 
lleAsnCysThrArgProTyrAsnAsnValArgArgSerLeuSerlleGlyPro 
GlyArg^aPheArgTh^ArgGlullell8GlyllelleA^gGlnA!aHisCys 
AsnlleSerArgAlaLysTrpAsnAsnThrLeuLysGlnlleValGluLysLeu 
ArgGluGInPheLysAsnLysTlirlteValPheAsnHlsSerSerGIyGlyAsp 
ProGlulleValThrHisSerPheAsnCysGlyGlyGluPhePheTyrCysAsn 
SerThrGlnUuPheAsnSerThrTrpAsnGlyThrAsplleLysGlyAspAsn 
LysAsnSerTTirLeuileThrLeuProCysArglleLysGlnllelleAsnMet 
TrpGInGlyVaiGlyLysAlaMetTyrAlaProProlleGlnGlyGlnlleArg 
CysSerSerAsnlleThrGIyLeuLeuLeuThrArgAspGlyGlyAsnSerSer 
15 SerArgGluGIulleArgAirgGlnAlaSerArgGluLeuGluPheLeuLysThr 
LysGIyProArgAspThrProllePhelleGly 



w 



TABLE 7C 



20 



ATGTTACGTCCTGTAGAAACCCCAACCCGTGAAATCAAAAAACTGQACGGCCTQ 
TGGGCATTCAGTCTGQATCGCGAACGCGTGGCCGATCTGAATGAATCTGTAGAA 
ATTAATTGTACAAGACCCTACAACAATGTAAGAAGAAGTCTATCTATAGGACCA 

25 GGGAGAGCATTTCGTACAAGAGAAATAATAGGAATTATAAGACAAGCACATTQT 
AACATTAQTAGAGCAAAATGGAATAACACTTTAAAACAGATAGTTGAGAAATTA 
AGAGAACAATTTAAGAATAAAACAATAGTCTTTAATCATT CCTCA GGAGGGGAC 
CCAGAAATTGTAACGCACAGTTTTAATTGTGGAGGGGAATTTTTCTACTGTAAT 
TCAAGACAAGTGTTTAATAGTACTTGGAATGGTACTGACATTAAAGQAGATAAT 

30 AAAAATAGCACAGTCATCACACTCCCATGCAGAATAAAACAAATTATAAACATG 
TGGCAGGGAGTAGGCAAAGCAATGTATGCCCGTCCGATCCAAGGACAAATTAGA 
TGTTGATCAAATATTACAGGGCTGGTATTAACAAGAGATGGTGGTAATAGCAGC 
AGCAQGQAAQAGATCCGTCQACAAGCTTCCCGGGAGCTGGAATTCTTGAAGACG 
AAAGGGGCTCGTGATACTCCTATTTTTATAGGT 

35 

TABLE 8 



40 LeuAsnGlnSerValGlulleAsnCysThrArgProAsnAsnAsnThrArgLys 
SeiileArglieGlnArgGlyProGlyArgAiaPheValThrlleGlyLyslle 
QiyAsn 

GTQAACCAATCTGTAGAAATTAATTGTACAAGACCCAACAACAATACAAGAAAA 
45 AGTATCCGTATCCAGA6AGGACCAGGGAGAGCATTTGTTACAATAGGAAAAATA 
GGAAAT 



TABLE SA 

50 

MetLeuArgProVaiGluThrProThrArgGlulleLysLysLeuAspQIyLeu 
TrpAIaPheSerLeuAspArgGluArgValAlaAspLeuAsnGInSerValGlu 
lleAsnCysThrArgProAsnAsnAsnThrArgLysSerlleArglleGlnArg 
55 GlyProGlyArgAlaPheValThrlleGlyLyslleGlyAsn 
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ATGTTACGTCCTGTAGAAACCCCAACCCGTGAAATCAAAAAACTGGACGGCCTG 
TGGGCATTCAGTCTGGATCGCGAACGCGTGGCCGATCTGAAGGAATCTGTAGAA 
ATTAATTGTACAAGAGGCAACAACAATAGAAGAAAAAQTATCCGTATCCAGAGA 
GGACCAiSGGAGAGCATTTGTTACAATAGGAAAAATAGGAAAT 



TABLE 9 - PEPTIDE 131 

Tyr Gys Thr Arg Pro Asn Asn Asn Thr Arg Lys Ser tie Arg 
70 lie Gin Arg Cly 



TABLE 10 - PEPTIDE 132 

IS Pro Gly Arg Ala Phe Val Thr lie Gty Lys lie Gly Asn Met 
Arg Gin Ala His Cys Tyr 



TABLE 11 - PEPTIDE 134 

20 ' 

GIu Arg Val Ala Asp Leu Asn Gin Ser Val Glu lie Asn Cys 
Thr Arg Pro Asn Asn Asn Thr Arg Lys Ser lie 



25 TABLE 12 - PEPTIDE 135 

Aot Asn Thr Arg Lys Ser lie Arg lie Gin Arg Gly Pro Gly 
Arg Ala Phe Val Thr lie Gly Lys lie Gly Cys 

30 

TABLE 13 - PEPTIDE 136 

Leu Asn Gin Ser VaJ Glu lie Asn Cys Thr Arg 
Pro Asn Asn Asn Thr Arg Lys Ser He Arg lie 
35 Gin Arg Gly Pro Gly Arg Ala Phe Val Thr lie 
Gly Lys lie Gly Asn Met 



TABLE 14 - PEPTIDE 138 

40 

Asn Asn Thr Arg Lys Ser lie Arg lie Gin Arg 
Gly Pro Gly Arg Val lie Tyr Ala Thr Gly Lys 
He Gly Cys 

45 

Table 15 



5' CTGAACCAATCTGTAGAAATTAATTQTACAAQACCCAAC 

60 GACTTGGTTAGACATCTTTAATTAACATGTTCTGGGTTG 

AACAATACAAGAAAAAGTATCCGTATCCAGAGAGQACCAQQQAGAGCATTTGTT TTGTTATGTTCTTTT- 

TCATAGGCATAGQTCTCTCCTQQTCCCTCTCGTAAACAA 

ACAATAGGAAAAATAGGAAATATGAGACAAGCACATTGTAACATTAGTAGAGCA TGTTATCCTTTTTATCC- 
TTTATACTCTGTTCGTGTAACATTGTAATCATCTCQT 
55 AAATGQAATAACACTTTAAAACAGATAQATAGCAAATTAAGAQAACAATTTGGA TTTACCTTATTGTGAAAT- 

TTTGTCTATCTATCGTTTAATTCTCTTQTTAAACCT 

AATAATAAAACAATAATCTTTAAGCAGTCCTCAGGAGGGQACCCAQAAATTGTA TTATTATTTTGTTAT- 
TAGAAATTCGTCAGGAQTCCTCCCCTGGGTCTTTAACAT 
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ACGCACAGTmAATTGTGGAGGGGMTTTTTCrrACTGTMTTCMCACAA^^^ TGCGIGTCAAAAT- 
TAACACCTCCCCTTAAAAAGATGACATTAAGTTGTGTTGAC 

TTTAATAGTACTTGGTTTAATAGTACTTGGAGTACTAAAGGGTCAAATAACACT AAATTATCATGAAO 
CAAATTATCATGAACCTCATGATTTCCCAGTTTATTGTGA 

GAAGQAAGTGACACAATCACCCTGCCATGCAGAATAAAAGAAATTATAAACATG CTTCCTTGACTGTGT- 
TAGTGGGAGGGTACGTCTTATTTTGTTTAATATTTGTAC 

TGGCAGGAAGTAGGAAAAGCAATGTATGCCGGTCCCATCAGTGGACAAATTAGA ACCGTCCTTCATCCTT. 
TTCGTTACATACGGGGAGGGTAGTCACCTGTTTAATCT 

TGTTCATCAAATATTACAGGGCTGCTATTAACAAGAGATGGTGGTAATAGCAAC ACAAGTAGTTTATAATG- 

TCCCGACGATAATTGTTCTCTACCACCATTATCGTTQ 

AATGAGTCCGA TTACTCAGGCTCTAQ 3' 



Claims 

1 . A protein or peptide selected from the group consisting of 

(a) HIV 10 Kd fusion protein denoted Sub 1, having the amino acid sequence shown in Table 2B; 

(b) HIV protein portion of Sub 1. having the amino acid sequence shown in Table 2; 

(c) HIV 18 Kd fusion protein denoted Sub 2, having the amino acid sequence shown in Table 3B: 

(d) HIV protein portion of Sub 2, having the amino acid sequence shown in Table 3; 

(e) HIV 27 Kd fusion protein denoted PBIrf, having the amino acid sequence shown in Table 4B; 

(f) HIV protein pwtion of PBIrf. having the amino acid sequence shown in Table 4; 

(g) HIV 28 Kd fusion protein denoted PB1mn» having the amino acid sequence shown In Table 5B; 

(h) HIV protein portion of PBImn. having the amino acid sequence shown in Table 5; 

(i) HIV 26 Kd fusion protein denoted PBlsc. having the amino add sequence shown in Table 6B; 
(j) HIV protein portion of PBlsc. having the amino acid sequence shown in Table 6; 

(k) HIV 26 Kd fusion protein denoted PBIvwic. having tiie amirw) acid sequence shown in Table 7B; 
(1) HIV protein portion of PBIwnie. having the amino acid sequence shown in Table 7; 
(m) protein CNBrI, having the amino add sequence shown in Table 8A; 
(n) HIV protein portion of CNBrI. having the amino add sequence shown in Table 8; 
(o) peptide No. 131 . having the amino acid sequence shown in Table 9; 
(p) peptide No. 132, having the amino acid sequence shown in Table 10; 
(q) peptide No. 134. having the amino acid sequence shown in Tablet ; 
(r) peptide No, 135, having the amino add sequence shown in Tabife3: 
(s) peptide No. 136. having the amino add sequence shown in Table 13; 
(t) peptide No. 138, having the amino add sequence shown in Table 14; and 
chemical modifications thereof. 

2. A DNA sequence coding for a protein or peptide according to claim 1. 

3. A DNA transfer vector comprising DNA according to claim 2. 

4. A vector according to daim 3. selected from pPBI-Sub 1, pPB1-Sub2. pPBIrf, pPBImn. pPBIsc and 
pPBIwMja- 

5. A DNA transfer vector of claim 3 or claim 4, transferred to and replicated in a eukaryotic or 
prokaryotic host 

6. An immunochemical assay for detecting or quantifying antibody against HIV in a fluid, employing a' 
protein or peptide accorcSng to claim 1 . 

7. An immunoadsorbent for use in solid phase immunochemfcal assay for antibody against HIV. 
comprising a solid phase to which is affixed a protein or peptide according to claim 1 . 

8. An immunoadsorbent of claim 7. further comprising a post-coat of animal protein. / 

9. A method of detecting antibody against HIV in a biological fluid, comprising the steps of. 

(a) incubating a sample of the fluki with an immunoadsorbent according to claim 7, under conditions 
which altow the anti-HIV antibody in ttie sample to bind to the immunoadsorbent. 

(b) separating the immunoadsorbent from tiie sample; and 

(c) determining if antibody has bound to tiie immunoadsorbent as an indication of anti-HIV antibody 
in the sample. 

10. A method according to claim 9. wherein step (c) comprises incubating the immunoadsorl)ent with a 
labelled antibody against antigen of tiie species from which ttie biok)gical fluid is derived: separating the 
immunoadsorbent from tiie labelled antibody after tiie incubation period: and detecting the label associated 
with ttie immunoadsorbent. 
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11 A method according to ciaim 9. wherein step (c) comprises incubating the 
least one lat^lled protein or peptide according to claim 1; separating theimmunoadsorbent from the 
labelled HiV protein; and detecting the label associated with the immunoadsorbent . ^ 

1?A mShod ^xording to claim 9. wherein step (c) comprises incubaiing J« -Tj^J^*^ 
labelled protein A; separating the immunoadsorbent from the labelled protem A; and detecting the label 

associated with the immunoadsort)ent ^««r%ri«'nn tho 

13. A method of detecting antibody against HIV in a human serum or plasma sample, compnsing the 



75 



20 



°L) Incubating the sample with an immunoadsorbent according to claim 7 or djm 8 in the form of a 
bead cSrS mo protein or peptide, under conditions which allow anti-HIV antibody m the sample to 
bind the Immunoadsorbent; 

(b) separating the immunoadsort)ent and the sample; ^m^^^ ^w^r^n 

c SSatir^ the immunoadsorbent with a labelled anti-<human lgG).antibody under amjtions whH:h 
allow the anfiHhumi, IgG) antibody to bind human anti-HIV antibody bound to me jmmunc^dsorbent; 

(d) separating the immunadsorbent from the unbound anti-(human IgG) anfcbody: and 

(e) Jlatim the label associated with the immunoadsorbent as an .ndicatwn of the presence of 

"^TA^oS^a^irrciaim 13. wherein the labelled anti-(human IgG) antibody is an animal 
antibody and the serum or plasma sample is diluted with nomial serum of an animal of the same^^-^ 
method accordingto claim 14. wherein the anti-(human IgG) antibody .s a goat antibody and the 
serum or plasma sample is diluted wHh normal goat serum. 

16. A vaccine composition comprising one or more HIV proteins or peptdes from one or more HIV 

■^'1? A vaccine composition according to claim 16. comprising a protein or peptide having the antigenic 
25 Drooerties of a protein or peptide according to claim 1. ^ . ^ ^4 

^ A vaccine compcSon comprising a hybrid protein or peptide having the am.no-ac.d sequence of 

an HIV protein or peptide from different HIV isolates. 

19 A vaccine^mposmon according to claim 18, wherein the HIV Isolates are HIV„« and HIVhp. 

20. A kit for use in detecting antibody against HIV In a biological fluid, comprising: 
30 (a) an immunoadsorbent according to claim 7 or claim 8; 

(b) lat>elled HIV antibody; and 

(c) means for detecting the label. _^ t^r^^ ^^hk^h*, 

21. A kit according to dSm 20. wherein the anti-HIV antibody is labelled with anti-(human IgG) antibody 

as ^^TS^JJS detecting variant-specific viral proteins in biological fluids using antibodies raised to a 
protein or peptide according to claim 1 . which comprises: envetooe 
(a) incubating an immuno-adsorbed solid phase containing sera capable of tanding al Hfv^^tope 
proteins with a sample of biological fluid, under conditions which allow antgen .n the sampte to be bound 
by the immobilized anti-HIV envelope immunoalsortDent: 
40 (b) separating immunoadsorbent from the sample; 

(c) ZSg HN variant-specific antibody derived from immunization wrth the said protein or peptide. 

^ (d) detemiining if HIV variant-specific antibody has bound to the immunoadsorbent containing HIV 

45 A method according to claim 22. in which detection of HIV variant-specific antibody comprises: 

(1HrS;Si^ad«Ld HIV envetope proteins with labelled antibody specific for the antigens 
presented in the HIV variant-specific anti-serum: 

(2) separating the immunoadsortient and labelled antibody after incubabon; and 

(3) detecting the label associated with the immunoadsorijent. 
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